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This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process disclosed, or
represents that its use would notinfringe privately owned rights. Reference herein
to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise, does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States Government or
any agency thereof. The views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States Government or any agency
thereof. ’
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ABSTRACT

The Department of Environmental Management at Oak Ridge National
Laboratory have established an environmental monitoring program which
includes sampling and analyzing air, water, terrestrial and biological
indicators for radioactive and nonradioactive pollutants.

The concentration of airborne particulates in the general area is
monitored by local air monitoring stations, perimeter air monitoring
stations and/or remote air monitoring stations. Radioactive particulates
are monitored by passing air continuously through filter paper. Airborne
radioactive iodine is monitored by passing air continuously through a
charcoal cannister. Fallout particulates are captured on gummed paper
and analyzed for radioactivity. External gamma radiation is determined
by using thermoluminescent dosimeters of various sizes. The external
gamma radiation is also determined at the Burial Ground, ORGDP, and ORNL
in the same manner.

The concentration of radionuclides in water is determined by
analyzing samples collected from White Oak Creek, White Oak Dam, and other
waterways (Gallaher, Melton Hill, Kingston, and the faucet). Rainwater
is analyzed for washout; other samples collected from Melton Branch,
Sewage Treatment Plant, and White Oak Creek are analyzed for pollutants
for the National Pollutant Discharge Elimination System.

Terrestrial and biological samples are collected and analyzed for
elemental and radionuclide concentrations. These samples include
grass, soil, deer, fish, and foodstuff. :

This manual has been compiled to familiarize all employees of the
Department of Environmental Management with the collection, preparation,
and analyses of these samples. Procedures are presented for all samples;
therefore, the.content of this manual will be revised with the elimination
and establishment of projects and procedures. /
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INTRODUCTION

This manual has been prepared by the staff of the Department of
Environmental Management (DEM) of the Industrial Safety and Applied
Health Physics Division (IS&AHP) at Oak Ridge National Laboratory (ORNL)
in an effort to promote uniformity among methods of analyzing air,
water, terrestrial, and biological samples. This manual may also be
beneficial during the absence of regularly employed technicians. It
should be noted that the methods used by the DEM-are evolving, and
through these procedures will be updated periodically.
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R DISCLAIMER

This manual, entitled "Methods and Procedures Utilized in
Environmental Management Activities at Oak Ridge National Laboratory,"
is intended as a bench-top working manual and, therefore, contains a
considerable amount of detail that would not normally be in such a
manual. It is intended that as procedures are upgraded, the changed
procedures will be transmitted to those on the distribution 1ist.

ix
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SUMMARY TABLE . D

Samples are collected by the staff of the Department of Environ-
mental Management weekly, monthly, quarterly, semiannually, and/or
annually. The samples are analyzed and the data are recorded in various
reports. The frequency of sample collection, size and number of samples,
analyses, results and other pertinent data are presented in the Summary
Table.
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— ——= -+ = 1. AIR SAMPLING

The staff of the Department of Environmental Management monitors

. airborne pollutants (both radioactive and nonradioactive) in local,

perimeter, and remote areas of Oak Ridge National Laboratory (ORNL).

There are 23 local air monitoring (LAM) stations, 9 perimeter air moni-
toring (PAM) stations, and 7 remote air monitoring (RAM) stationms.
Although the monitoring facilities are different for the three types of
stations (as will be detailed later), most of the stations provide for

the collection of (1) airborne radioactive particulates by air filtration
techniques, (2) radioactive particulate fallout materials by impingement
on gummed paper trays, (3) rainwater for measurements of fallout occurring
as rainout, and (4) iodine-131 using charcoal cartridges. High volume air
samplers and tritium monitors have also been installed at several LAM
stations. External gamma radiation background is measured at all stations
using thermoluminescent dosimeters (TLDs). '
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1.1 Sample Collection at Local Air Monitoring
(LAM) Stations

A LAM station is shown in Fig. 1.1-1. Both the LAM and PAM stations
have provisions for telemetering some of their data to a central monitoring
(CM) panel board and alarm systems located in Building 4500-South,

Rm H-251 (Figs. 1.1-2 through 1.1-3). The LAM stations contain a moving
filter (roll of Whatman No. 41 filter paper) radiocactive monitor. The output
of the Geiger-Mueller (G-M) detector, which is used to monitor the moving
filter, is telemetered to the CM facilities for continuous readout.

Located at the LAM stations is a fallout monitoring system which
consists of a continuously turning (at a rate of 1 rpm) circular disk
on top of the station. The alpha and beta detectors are located a few
millimeters above the disk, and the output of the detectors is continuously
telemetered to the CM facility.

A Hollingsworth and Vose LB-5211 filter paper (12.5 by 12.5 cm) is
used for sampling air activity at the LAM stations (Fig. 1.1-4). Unlike
at the PAM stations, there is no G-M detector associated with the filter.
Two air pressure regulators are incorporated in the air pumping system
to aid in keeping the flow rates constant for the moving filter and the
LB-5211 filter.

Collection of iodine-131 in the atmosphere is performed by the
adsorption of gaseous iodine on an activated charcoal cannister (6-14
mesh charcoal). This cannister is located downstream from the Vose LB-5211
particulate filter. The collection efficiency for particulate iodine is
greater than 99%; the collection efficiency for methyl jodine is greater
than 60%, depending on such factors as the relative humidity.

Particulate fallout in the air is collected on a 0.30- by 0.30-m
gummed cellulose acetate paper. The gummed paper, adhered to a steel
frame, is placed on the air monitoring station parallel to the ground.

The gummed paper is analyzed at ORNL using autoradiography (for LAMs
only) and counted by a scintillation counter for gross beta activity.

Long-term exposures of radiation are also monitored at each site
using Harshaw TLD-100s or -200s. The TLD chips are placed in polyethylene
containers and attached to the air monitor shelter. The containers are

1.1.1
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attached such that the TLDs are 1 m above the ground. Samples are
exchanged monthly for the PAMs and quarterly (marked with a yellow dot),
and annually (marked with a red dot) for the LAMs. Two sets of TLDs are
placed at each RAM station. One set is exchanged b{annually and the
other set is exchanged annually. Upon completion of the predetermined
exposure period, the TLDs are exchanged and returned to ORNL for readihg.
Precipitation collected on the roofs of these stations flows into a

26.0-Titer polyethylene jug; an overflow jug is available if needed. At the

time of sample pick-up, (normally weekly), a 1-Titer sample is collected
from the jug after the sediment has been resuspended. The sample is
labeled with the station number, date, and height of water in the jug
(sample height is measured before the sample is taken). If there is
water in the overflow jug, 500 m1 of water is collected from each jug for
a composite sample. After taking the sample, the jug is emptied and
reconnected to the station. The jugs are cleaned three times yearly.
During the winter, a heat lamp is focused on the jug to prevent the water
from freezing. Only LAM stations 7 and 23 have provisions for water
sampling; all PAM and RAM stations have this capability.

Air samples are taken by taping the Hollingsworth and Vose LB-5211
filter paper (12.5 by 12.5 cm) to the sampling tube (Fig. 1.1-4). Two
O-rings help hold the fi]per around the tube. Air flows through the tube
at a flow rate of 0.14 m3/min (5 cfm) or less, as indicated by the flow-
meter. The filter is removed, folded in half with the contaminated side
jnward, and placed in its respective envelope. The initial and final
dates, time on and off, flow rate, and other data are recorded on the
Environmental Data Card (see Appendix). Similar information is recorded
on the Collection Cards (see Appendix) for all samples.

The recorded: time on and off should be to the nearest hour
(Table 1.1-1). A new Environmental Data Card should be left at the
station. A noncontaminated Hollingsworth and Vose LB-5211 filter should
be placed around the sample tube, and a new charcoal cannister should be
placed in the vacuum intake line.

1.1.6




Table 1.1-1. Method for recording time
on the Environmental Data Card

Recorded time

Actual time (nearest hour)
9:31 to 10:30 AM 10
10:31 to 11:30 AM _ 11
12:31 to 1:30 PM 13

i

The 12.5- by 12.5-cm filter paper, gummed fallout paper, water, and
charcoal filter samples are exchanged weekly at PAM and LAM stations.
Schedule of sampling for RAM stations will be discussed under LAM station
description.

A1l equipment related to sampling must function properly. The air
pump belt, pump oil, heat lamp, G-M detector, ratemeter, tubing, and power

cords should be checked regularly.

].1.7
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1.2 Sample Collection at Perimeter Air Monitoring
: (pPAM) Stations

The PAM stations are less complex than the previously described LAM
stations (Fig. 1.2-1). The PAM stations do not include a moving filter
or a moving fallout monitor. They do have a G-M detector to monitor the
Vose LB-5211 particulate filter. The data from the Vose LB-5211 is
telemetered to the CM panel board. A1l of the PAM stations contajn
facilities for collecting rainwater. The schedule of sampling at the
PAM stations has already been given under the LAM stations' description;
the servicing of the PAM monitoring facilities such as water, gummed
fallout paper, charcoal filter, and Vose LB-5211 filter is the same as
described for the LAMs.

1.2.1
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1.3 Sample Collection at Remote Air Monitoring (RAM) Stations

Remote air monitoring (RAM) stations are similar to PAM stations

for the types of samples collected. These stations are located remotely

from ORNL so that background (control) samples can be obtained for
comparison. There are seven RAM stations. Most of these are located at
dam sites where TVA personnel collect the samples for ORNL. The samples
are mailed to ORNL on a weekly basis. The samples are the same as those
taken at PAM stations with the following exceptions: )

1. The atmospheric beta-gamma activities are recorded continuously on
a strip chart by the Rustrak Recorder (attached to the count
ratemeter).

2. Two sets of TLDs are placed at each station. They are exchanged
annually and -biannually.

Because the RAM stations are located away from ORNL, each station
is equipped with a materials supply box (Table 1.3-1). The RAM stations
are serviced and the supply box is restocked every ten weeks. At least
one RAM station is inspected biweekly.

The procedure for the collection and preparation of samples to be
mailed to ORNL is available at each station. If any problems arise at
the stations during the normal operating hours, TVA personnel notify
ORNL.

Maintenance of the RAM stations is similar to that for the LAM and

PAM stations. The charts containing the beta-gamma atmospheric activities

are exchanged and returned to ORNL for evaluation. Routing procedures
for the weekly collection of samples at the LAM, PAM, and RAM stations
are presented in Sects. 1.4 through 1.7.

1.3.1




Table 1.3-1. Supply box inventory for remote air
monitoring stations

Item Quantity Remarks
Large mailing envelopes 15 For gummed fallout paper
(prestamped)
Small mailing envelopes with 15 For 12.5- by 12.5-cm filter
specific Environmental Data paper

Card

Hollingsworth and Vose LB-5211 25 Air sampling
filter paper (12.5 by

12.5 cm)

Gummed fallout paper 25 Particle sampling

Masking tape (1.9 cm) 1 Secures filter in place

Plastic wrap 1 Covers the gummed fallout

, paper samples before

mailing

Mailing cannister 15 For sending water samples
(precipitation)

Plastic bottles (135 ml) 15 For collecting water samples
(precipitation)

Heat lamps 2 Prevent freezing of water
samples

Ruler (0.45 m) 1 Measure water level in
collection jug

Pump belt 1 Maintenance

Knife 1 For cutting the gummed fallout

paper sample from its frame

-1.3.2
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1.4 Routing Procedures for the Local Air Monitoring (LAM) Stations

A total of 23 local air monitoring (LAM) stations are located

. throughout the ORNL area to monitor environmental poliutants. Thirteen

LAM stations are serviced weekly; these include stations Nos. 1 through
10, 12, 16, and 20. Information from the other LAM stations (Nos. 11,
13 through 15, 17 through 19, 21, and 22) is telemetered to ORNL, but
samples are not collected from these stations. Telecommunication,
electrical, and other maintenance needs are handied by employees outside
the Department of Environmental Management. A map of the LAM network is
provided in Figs. 1.4-1 and 1.4-2.

Charcoal, air filter, and gummed paper samples are collected at
most stations. Water samples are collected at LAM Nos. 7 and 23. The
charcoal, air filter, and gummed paper are replaced weekly; and the
excess water remaining in the bottle after the sample has been taken is
discarded. TLDs are collected biannually. The date and time are
recorded on an Environmental Data Card and Collection Cards (see Appendix)
provided at each station.

The following materials are needed for the completion of runs:
Environmental Data Cards and envelopes, Collection Cards, charcoal cannis-
ters, gummed papers, air filters, and a 1-1iter water bottle. New TLDs
[TLD-100s, 0.32- x 0.32- x 0.09-cm (1/8- x 1/8- x 0.035-in.)] are needed
for the biannual collection of TLDs.

The major route for all LAM stations (except Nos. 7, 8, 9, and 20)
is as follows: Proceed east on White Oak Avenue from Central Research
Building (Bldg. 4500), turn left onto Sixth Avenue and left onto Central
Avenue.

1. LAM No. 1. Station No. 1 is located in the 3000 area and can be
reached by making a left turn from Central Avenue onto Fifth
Street. Proceed on Fifth Street and turn right onto White Oak
Avenue. LAM station No. 1 is located to the right, in front of
Bldg. 3502. The air filter and gummed paper samples are collected.

2. LAM Nos. 2 and 6. Station No. 2 is situated near the Solid State
Building (Bldg. 3025) and can be reached by making a right turn

1.4.1
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from Central Avenue onto Fifth Street. Proceed on Fifth Street and
turn left onto Hillside. LAM Station No. 2 is at the top of the
hill. LAM Station No. 6 is located at the bottom of the hill near
Bldgs. 3047, 3106, and 3127. Only the air filter and gummed paper
are collected at LAM Station No. 2. The gummed paper, charcoal,
and air filter are collected at LAM Station No. 6.

LAM No. 3. Station No. 3 is located within Gate 2-B south of the
Engineering Building (Bldg. 1000). Proceed on Central Avenue
through the West Vehicle Gate, turn right outside the gate and left
onto Westend Circle. Once inside Gate 2-B, LAM Station No. 3 can
be found south of Bidg. 1000. The charcoal, air filter, and gummed
paper samples are collected.

LAM No. 4. Station No. 4 is located near Waste Pond No. 2 (No.
3513 on map). Turn left from Central Avenue onto Third Street.
Turn left just prior to Process Waste Treatment Building (Bldg.
3518). The LAM Station No. 4 is behind Bldg. 3518 near the pond.
The air filter, gummed paper, and charcoal samples are collected.

LAM No. 5. Turn left from Central Avenue onto Third Street. LAM
station No. 5 is located on the right, directly in front of Bldg.
2506. Only the air filter and gummed paper are collected.

LAM No. 7. Proceed east on White Oak Avenue through the 7000 area
security portal. Turn left by Bldg. 7002. LAM station No. 7 is
behind Bldg. 7002. Water, air filter, gummed paper, and charcoal
samples are taken. '

LAM No. 8. Proceed on White Oak Avenue through the East Vehicle
Gate. Turn Teft onto Melton Valley Access Road and right onto
Bethel Valley Road. Pass by Walker Branch Watershed Road on _
the left. LAM station No. 8 is approximately 5.5 km (3.4 miles)
from ORNL on the right. (The rock quarry is on the left.) The
charcoal, air filter, and gummed paper samples are collected.

1.4.4
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LAM No. 9. Station No. 9 is on North Bethel Valley Road. From

the main portal, turn left onto Bethel Valley Road. After approxi-
mately 0.8 km (0.5 mile), in front of the Graphite Reactor sign,
turn right. LAM station No. 9 is located at the edge of the woods..

LAM No. 10. Turn right from Central Avenue onto Second Street. Turn
right at Bldg. 2010. The station is in the area behind the
Cafeteria (Bldg. 2010). The charcoal, air filter, and gummed paper
samples are collected. ’

LAM No. 12. Turn right from Central Avenue onto Third Street. LAM
station No. 12 is located on the right, northeast of the Cafeteria
(Bldg. 2010). Only the air filter is collected.

LAM No. 16. The LAM station No. 16 is located on Sixth Street next
to the East Portal Security Guard Station (Bldg. 5506). The char-
coal, air filter, and gummed paper samples are collected.

LAM No. 20. Station No. 20 is located in the 7900 area (HFR). Pro-
ceed east on White Oak Avenue and turn right onto Melton Valley
Access Road. Turn right at the intersection and proceed on this road
until a security guard portal (Post 19) can be seen on the left.

Turn 1eft at the security guard portal. The gate leading to LAM
station No. 20 is approximately 0.2 to 0.3 km (0.1 to 0.2 miles)

from the security guard portal on the left. Ask a security guard to
open the gate. Gummed paper, air filter, and charcoal samples are
collected.

LAM No. 23. Proceed east on White Oak Avenue. Turn left onto Melton
Valley Access Road. Turn right onto Bethel Valley and travel
approximately 3.5 km (2.2 miles). Turn left at the Walker Branch
Watershed sign. Turn right after 1.3 km (0.8 miles) onto Jim

Diggs Road. Turn right onto Rain Gauge Road No. 5 and travel for
approximately 1 km (0.6 mile). The distance from Bethel Valley Road
to LAM station No. 23 is approximately 2.4 km (1.5 miles).
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1.5 Routing Procedures for the Perimeter Air Monitoring
(PAM) Stations

Nine perimeter air monitoring (PAM) stations are serviced weekly.
These inciude No. 31 — Kerr Hollow, No. 32 — Midway, No. 33 — Gallaher,
No. 34 — White Oak Dam, No. 35 — Blair, No. 36 — QOak Ridge Turnpike,

No. 37 — Hickory Creek, No. 38 — Experimental Gas-Cooled Reactor (EGCR),
and No. 39 — Townsite (Fig. 1.5-1). Charcoal cannister, air filter,
gummed paper, and water (collected rainwater) samples are collected from
each station. The charcoal cannister, air filter, and gummed paper are
replaced and the excess water remaining in the container is discarded.
Air flow, time on and off, and other data at each station are accurately
recorded. Environmental Data Cards and envelopes, Collection Cards (see
Appendix) charcoals, gummed papers, air filters, and 1-liter water
bottles are needed for the completion of the run. Two uncontaminated
26-Titer water jugs are needed for water samples to be taken at Melton
Hi11 Dam and Gallaher. Thermoluminescent dosimeters (TLDs) [TLD-200,
0.64- x 0.64- x 0.089-cm (0.25- x 0.25- x 0.035-in.)] are exchanged
monthly.

1. PAM No. 31 — Kerr Hollow. Proceed east on White Oak Avenue. Turn
left onto Melton Valley Access Road and right onto Bethel Valley
Road. Continue past the Comparative Animal Research Laboratory
(CARL), which is approximately 10.5 km (6.5 miles) from ORNL. The
PAM station No. 31 is on the left behind the white security guard
portal, approximately 0.3 km (0.2 mile) from CARL.

2. PAM No. 32 — Midway. Proceed east on White Qak Avenue. Turn left
onto Melton Valley Access Road and right onto Bethel Valley Road.
Proceed east on Bethel Valley Road. Turn left at the Y-inter-
section. Proceed on this road for approximately 3.9 km (2.4 miles).
The PAM station No. 32 is located behind the white security portal
on the right. '

3. PAM No. 33 — Gallaher. Proceed on White Oak Avenue through East
Vehicle Gate. Turn left and go through parking lot. Turn left
onto Bethel Valley Road and proceed for approximately 3.2 km
(2 miles). At the intersection of Highway 95 and Bethel Valley

1.5.1
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6‘

7.

Road, turn right. Proceed approximately 2.4 km (1.5 miles) to

Bear Creek Road. Turn left ontoc Bear Creek Road. The PAM station
No. 33 is on Bear Creek Road beside the Clinch River approximately
5.6 km (3.5 miles) from the intersection of Bear Creek Road and
Highway 95. For information on the Gallaher Water Sampling Station,
see Water Sampling Section, Sect. 4.

PAM No. 34 — White Oak Dam. Proceed east on White Oak Avenue
through East Vehicle Gate. Turn left and go through parking lot.
Turn left on Bethel Valley Road and proceed for approximately

3.2 km (2 miles). Turn left at the intersection of Bethel Valley
Road and Highway 95. Proceed for approximately 2.4 km (1.5 miles).
The PAM No. 34 is on the left before White Oak Dam.

PAM No. 35 — Blair. Proceed east on White Oak Avenue through East
Vehicle Gate. Turn left and go through parking lot. Turn left

onto Bethel Valley Road and proceed for approximately 3.2 km

(2 miles). Turn right onto Highway 95 and proceed approximately

5.3 km (3.3 miles). Turn left onto Highway 58 and travel approx-
imately 1.4 km (0.9 miles). Turn right onto Blair Road, cross
single-lane bridge, and proceed for approximately 3.5 km (2.2 miles).
The PAM No. 35 is on the left by the white security guard portal.

PAM No. 36 — Oak Ridge Turnpike. Proceed east on White QOak Avenue.
Turn left onto Melton Valley Access Road. Turn left onto Bethel

- Valley Road and proceed for approximately 3.2 km (2 miles). Turn

right onto Highway 95 and proceed to the intersection of Highways

95 and 58. Turn right onto Highway 58 toward QOak Ridge. Travel
approximately 4.8 km (3 miles) to the point where Highway 58 becomes
a four-lane'highway. PAM station No. 36 is on the right, next to
the security guard portal.

Pam No. 37 — Hickory Creek. Proceed east on White Oak Avenue

through East Vehicle Gate. Turn left and go through parking lot.

Turn left onto Bethel Valley Road and proceed approximately 3.2 km

(2 miles). Turn left onto Highway 95 and proceed for approximately
5.1 km (3.2 miles). Turn left onto I-40 and proceed toward Knoxville.

1.5.3"
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Exit at Watt Road (Exit 369). Turn left onto Watt Road and proceed
approximately 2.1 km (1.3 miles). Turn right onto Buttermilk Road
and then to the immediate left by Gerald Smith's mailbox. PAM

No. 37 is between the mailbox and house.

PAM No. 38 — Experimental Gas-Cooled Reactor (EGCR). Proceed east

on White Oak Avenue through East Vehicle Gate. Turn left and go
through parking Tot. Turn left onto Bethel Valley Road and proceed
approximately 3.2 km (2 miles). Turn left onto Highway 95 and
proceed for approximately 5.1 km (3.2 miles). Turn left onto I-40
and proceed toward Knoxville. Exit at Watt Road, Exit 369. Turn
left onto Watt Road and proceed approximately 2.1 km (1.3 miles).
Turn right onto Buttermilk Road. Proceed 0.2 km (0.1 mile). Turn
left onto Hickory Creek Road. Proceed approximately 3.5 km

(2.2 miles). Turn left onto Gallaher Ferry Drive. Proceed approx-
imately 5.1 km (3.2 miles). The PAM station No. 38 is located on
the left at the end of the road directly across Melton Hi1l Lake from
the Experimental Gas-Cooled Reactor.

PAM No. 39 — Townsite. Proceed east on White Qak Avenue. Turn

left onto Melton Valley Access Road and right onto Bethel Valley
Road. Proceed for approximately 10.4 km (6.5 miles). Turn left

at the Y-intersection onto Scarboro Road. Proceed for approximately
4 km (2.5 miles). Turn right at the Y-intersection onto Lafayette
Drive. Travel approximately 2.4 km (1.5 miles). Turn right onto
the Oak Ridge Turnpike. Travel approximately 0.6 km (0.4 mile).
Turn left into Doctor's Building parking lot. The PAM No. 39 is
located on the north end of the parking lot, across from French's
Plaza.

Melton Hill Dam Water Sample. Normally, the Melton Hill Dam water

sample is collected during the PAM sample collection. For informa-
tion, see Water Sampling Section, Sect. 4.

1.5.4
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1.6 Routing Procedures for Servicing Local and Perimeter
Air Monitoring (LAM and PAM) Stations

This section gives the procedures normally followed in servicing

‘the LAM and PAM stations. They are combined for greater efficiency.

1.

Materials Needed for Route

1.1 New charcoal cartridges

1.2 Gum papers

1.3 Air filter papers (12.5- by 12.5-cm Hollingsworth and Vose-5211)

1.4 Eleven 1-liter plastic bottles for water collection

1.5 Envelope and Computer Card (see Appendix)

1.6 Maps of ORNL and Tennessee

1.7 Keys (3F16 and 3D7)

1.8 26-Titer water jugs: one for Melton Hill and one for
Gallaher (K-25 water station) )

1.9 Charts for instruments at Gallaher and Melton Hill

Code
CC — Charcoal cartridge
AF — Air filter
GP — Gummed fallout coliection paper
W — Water sample
LAM — Local air monitor
PAM — Perimeter air monitor

Preparation
3.1 On the day before servicing LAMs and PAMs (e.g., Friday

for a Monday run), prepare computer cards for each PAM and LAM.
3.2 Prepare all materials necessary for routing procedure (see
step 1 of this procedure).

Routing Procedure

4,1 LAM No. 16. Proceed on White Oak Avenue and turn left onto
Sixth Street. LAM No. 16 is located on the right, by the
East Security Portal. Perform CC, AF, and GP (see step 2 of this
procedure).

1.6.1
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4.2

4.3

4.4

4.5

4.6

4.7

4.8

LAM No. 6. From LAM No. 16, proceed on Sixth Street to

Central Avenue. Drive by the main portal. Turn right on
Fifth Street and left at the Storage Vault Building (the
street is not marked). Continue on this street until
Bldg. 3047 (Radioisotope Development Laboratory) can be
seen on the left. LAM No. 6 is in front of Bldg. 3047.
(CC, AF, and GP)

LAM No. 2. After servicing LAM No. 6, continue driving on

Fifth Street until Bidg. 3025 can be seen on the left. LAM
No. 2 is on the left, in front of Bldg. 3025. (AF and GP)

LAM No. 12. Return to Central Avenue. Turn right and drive

approximately 0.7 km (0.45 mile) to Third Street. Turn right
onto Third Street. LAM No. 12 is on the right, across from
the Cafeteria. (AF)

LAM No. 10. Return to Central Avenue and turn right. Drive

approximately 0.2 km (0.1 mile) and turn right at Bidg. 2018
onto Second Street North. Turn right onto cafeteria service
area parking Tot. LAM No. 10 is Tocated on the left side of
the drive. (CC, AF, and GP)

LAM No. 5. Return to Central Avenue and turn left. Continue

on Central Avenue to the intersection of Third Street and
Central Avenue. Turn right onto Third Street. LAM No. 5 is
located on the right, beside the Instrument Fabrication Shop
and Timekeeping (Bldg. 2506). (AF and GP)

LAM No. 4. Continue driving on Third Street for approximately

0.24 km (0.15 mile). Turn left onto the drive located beside
the Waste Treatment Plant. LAM No. 4 is located beside Waste
Pond No. 2. (CC, AF, and GP)

LAM No. 1. Drive from Waste Treatment parking Tot to White

Oak -Avenue. Turn right and travel approximately 0.3 km

(0.2 mile) to Bldg. 3500 (Instrumentation Laboratory). LAM
No. 1 is Tocated on the left, in front of the Instrumentation
Laboratory. (AF and GP)

1.6.2



4.9

4.10

4.1

4.12

4.13

Return to ORNL parking lot. Turn left onto Fifth Street

and drive to the intersection of Fifth Street and Central
Avenue. Turn right onto Central Avenue and right onto Sixth
Street. Turn right at White Oak Avenue to parking lot.

PAM No. 33. Before leaving ORNL, call Tim Bard, K-251Environ-

mental Management Group (4-8223). He will unlock the gate to
Gallaher Water Collection Station and the door to the pumping
station building. Drive from ORNL parking lot on White Oak
Avenue and turn left onto Sixth Street; continue to the West
Portal. Proceed through the gate and turn right. Continue for
approximately 0.2 km (0.1 mile) and turn left onto Bethel Valley
Road. Drive approximately 3.2 km (2 miles) on Bethel Valley
Road to the intersection of Highway 95. Turn right onto High-
way 95 and continue to Bear Creek Road. Turn left onto Bear
Creek Road. PAM No. 33 is approximately 5.6 km (3.5 miles) from
the intersection of Bear Creek Road and Highway 95. Turn left
onto drive of Gallaher Water Sampling station. PAM No. 33

is located approximately 15.2 m (50 ft) to the right of the
gate. (CC, AF, GP, and W)

Gallaher Water Sampling Station (GWSS). See Water Sampling
Section, Sect. 4. '

PAM No. 35 — Blair. Return to Bear Creek Road and turn left.
Drive under Highway 58 bridge until you come to a three-road
intersection. Take the middle road, which will circle around
to Highway 58. Turn left onto Highway 58. Travel 1.6 km

(1 mile), by-passing K-25, to Blair Road. Turn left onto
Blair Road and continue over a single-lane bridge. After
crossing railroad tracks, PAM No. 35 is located approximately
0.2 km (0.1 mile) on the left, beside the white security

guard portal. (CC, AF, GP, and W)

PAM No. 36 — Qak Ridge Turnpike-Highway 95. Return to

Highway 58 and turn left. Proceed 0.2 km (0.1 mile) and

turn left onto Highway 58/95N. Before the highway becomes

1.6.3




4.14

4.15

4.16

4.17

4.18

four-lane, PAM No. 36 will be on ‘the right, beside a white ,E)
security guard portal. (CC, AF, GP, and W)

PAM No. 39 — Townsite. Continue driving east on Highway 95

(Oak Ridge Turnpike) to the business district. PAM No. 39

is Tocated on the left of Highway 95 across from French's

Plaza. Turn left onto parking lot of the Doctor's Building.

PAM No. 39 is located on the north end of this parking lot.

(Property on which PAM No. 39 is located is the UCCND Post

Office Facility.) (CC, AF, GP, and W)

PAM No. 32 — Midway. From Doctor's Building parking lot,

turn right onto Highway 95S and left at Lafayette Avenue.

Drive to the intersection of Lafayette and I1linois Avenues

(Highway 62). Continue through intersection and veer left

onto Scarboro Road. White security guard portals are less

than 0.2 km (0.1 mile) from the intersection. PAM No. 32

is located on the left, behind the security guard portal.

(CC, AF, GP, and W) .
PAM No. 31 — Kerr Hollow. Continue on Scarboro Road to '“>
Bethel Valley Road (veer left at the Y-intersection). Turn

left at the intersection of Bethel Valley and Scarboro Road.

PAM No. 32 is located on the left, behind the white security

guard portal (diagonal to Comparative Animal Research

Laboratory — CARL). (CC, AF, GP, and W)

LAM No. 8 — Rock Quarry. Proceed south on Bethel Valley Road

toward ORNL. LAM No. 8 is located on the left approximately

5.6 km (3.7 miles) from PAM No. 31 (across from the rock

quarry). (CC, AF, and GP)

PAM No. 23 — Walker Branch. Continue traveling on Bethel

Valley Road toward ORNL for 3.2 km (2.0 miles) and turn

right onto Walker Branch Road. (Use key 3F16 to open the

gate.) Continue on Walker Branch Road to Jim Diggs Road

[approximately 1.4 km (0.9 mile) from Bethel Valley Road].

Turn right onto Jim Diggs Road and right onto Rain Gauge

Road No. 5. Travel for approximately 1.1 km (0.7 mile) to

PAM No. 23. (CC, AF, GP, and W) )
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4.19

4.20

4.21

4.22

4.23

4.24

Road after locking gate to Walker Branch Road. Turn right

onto Bethel Valley Road. LAM No. 9 is located on the right

after by-passing the Graphite Reactor. The station is _ ‘ !
approximately 27.4 m (30 yd) from the road, across from
Building 3017. (CC, AF, and GP) ‘ |
LAM No. 3 — SW Bldg. 1000. Turn right onto Bethel Valley (

I

}

i

|

LAM No. 9 — North Bethel Valley. Return to Bethel Valley i

Road. Travel approximately 0.2 km (0.1 -mile) and turn left
toward the West Portal area (1000 area). Turn right onto
Westend Circle and proceed around the north side of the
Engineering Building (1000). - Enter the fenced area at the

rear of the building. LAM No. 3 is located on the south side

of Bldg. 1000 (see Fig. 1.6). (CC, AF, and GP)

Return to ORNL (for lunch). Drive to the Hest Portal. Travel
through portal on Central Avenue to Sixth Avenue, and continue on
Sixth Street to White Oak Avenue. Turn right on White Oak
Avenue and proceed to parking lot. . f

PAM No. 34 — White Oak Dam (WOD). Proceed from ORNL parking J
1ot on White Oak Avenue. Turn left onto Sixth Street and :
continue on Sixth Street to Central Avenue through the West g
Gate. Turn left onto Lagoon Road. At intersection of ‘
Lagoon Road and Highway 95, turn left. PAM No. 34 is located
on the left before White Oak Dam. (CC, AF, GP, and W)

PAM No. 37 — Hickory Creek. Continue south from PAM No. 34
on Highway 95 past Melton Hi1l Dam and turn left onto I-40 ‘
East. Continue driving on I-40 East to the Watt Road Exit.
Exit and turn left onto Watt Road (also called Everett Road).
Proceed on Watt Road for 1.6 km (1 mile). Turn right onto
Buttermilk Drive and to the immediate left onto the driveway.
PAM No. 37 is located on the right. (CC, AF, GP, and W)

PAM No. 38 — EGCR. Turn left onto Buttermilk Road from
driveway and left onto Hickory Creek Road. Travel Hickory
Creek Road for approximately 3.7 km (2.3 miles) to Gallaher"
Ferry Road. Turn left on Gallaher Ferry Road and drive %
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4.25

4.26

4.27

4.28

approximately 4.9 km (3.1 miles) to PAM No. 38, located on ”j)
the Teft. (CC, AF, GP, and W)
Melton Hill Water Sampling Station (MHWSS). See Water Sampling

Section, Sect. 4.

LAM No. 20. Lock gate to MHWSS and return to Highway 95.

Turn right onto Highway 95 North and travel approximately

5.3 km (3.3 miles) to Lagoon Road. Turn right onto Lagoon
Road. Travel Lagoon Road to Melton Valley Drive (crossing
White Oak Creek). Turn right onto Melton Valley Drive and
continue driving for 1.6 km (1 mile) to 7900 guard gate

(Post 19). Turn right at gate. Call KIN-294 when leaving
MHWSS and ask them to unlock the first gate on the left inside
Post 19. (CC, AF, and GP)

LAM No. 7. Return to Post 19 guard gate and turn right onto

Melton Valley Road. Travel approximately 1.6 km (1 mile)
to the intersection of Melton Valley Access Road and White
Oak Avenue. Turn right onto White Oak Avenue and drive
through 7000 Guard Gate to-Garage and Transportation Complex :) :
(Bldg. 7022). LAM No. 7 is Tocated inside the fence behind ’
the garage building (north side W, CC, AF, and GP).

Return to ORNL parking Tot. Turn right from Garage Complex
onto White Oak Avenue. Continue through East Gate to ORNL
parking Tot.
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1.7 Routing Procedures for the Remote Air Monitoring
(RAM) Stations

Roufing procedures have been developed for the servicing of RAM
stations (Fig. 1.7-1). When servicing RAM stations located inside switch ‘
yards at dams, the dam supervisors are to be notified. The supervisors,
who are usually inside the control rooms, will unlock and lock the gates
to the switch yards before and after inspections of the RAM stations. -
Hard hats must be worn inside switch yards, and the supply box (in the
control room) must be restocked before leaving the station.

One or two RAM stations are serviced weekly in conjunction with the
collection of the remote milk samples. The air filters, gummed papers,
and water samples are collected weekly from the RAM station by TVA or Corps
of'Engineers onsite personnel.

1. RAM No. 51 — Norris Dam. Proceed -east on White Qak Avenue. Turn
left onto Melton Valley Access Road. Turn right onto Bethel Valley
Road and proceed east. Turn right onto Edgemoor Road. Cross
Clinton Highway (Highway 25 West) and continue on Raccoon Valley
Road. Follow Raccoon Valley Road to the Interstate-75 intersection.
Turn onto Interstate-75 and drive approximately 4.8 km (3 miles) and
exit at the Clinton/Norris exit. Turn right onto old Highway 61 and
continue to Norris Dam.

2. RAM No. 52 — Loudon Dam. Proceed east on White Oak Avenue. Turn
left onto Sixth Street/Central Avenue and continue through West
Gate. Turn left onto Lagoon Road. Proceed to Highway 95. Turn
left onto Highway 95. Proceed approximately 24.1 km (15 miles).
Cross Highway 11. Proceed 0.16 km (0.1 miles) and turn right onto
Loudon Dam Drive. To go to control room, turn left at the first
Y-intersection and right at the second Y-intersection. The super-
visor who is responsible for opening the gate will ride with ORNL
personnel to the switch yard. To go to the switch yard, return to
the last intersection and turn .right. Proceed 0.16 km (0.1 mile)
and turn right again.
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RAM No. 53 — Douglas Dam. Proceed east on White Oak Avenue. Turn

1eft onto Melton Valley Access Road. Turn right onto Bethel Valley
Road and drive for approximately 10.5 km (6.5 miles). Cross over
Solway Bridge and continue to Knoxviile on Highway 162 (Pellissippi
Parkway). Merge left onto Interstate-40/75. Continue through Knox-
ville on Interstate-40. Exit at 407/Sevierville. Turn right toward

Sevierville on Highway 66 South. Proceed approximately 8 km (5 miles).

Turn left onto Highway 66 East (toward Dandridge). Proceed approxi-

mately 8 km (5 miles) and turn right onto Douglas Dam Road (northside).

The RAM station is inside the switch yard. The station is approxi-

“mately 96.5 km (60 miles) from ORNL.

RAM No. 55 — Watts Bar Dam. Proceed on White Oak Avenue through
East Vehicle Gate and turn left. Go through parking lot and turn
left onto Bethel Valley Road. Proceed for approximately 3.2 km

(2 miles). Turn right onto Highway 95. Proceed to the intersection
of Highways 95 and 58. Turn left onto Highway 53 and go past the
K-25 Gaseous Diffusion Plant. Turn right onto Interstate-40 to
Kingston. From Kingston, proceed south on Highway 58. Turn right
onto Highway 68 East. Continue on 68 East.for approximately 14.5 km
(9 miles). The Watts Bar Dam power house is on the left.

Ram No. 56 — Great Falls. Proceed on White Oak Avenue to the East
Parking Lot. Drive through the parking lot and turn left onto Bethel
Valley Road. Continue on Bethel Valley Road to the intersection of
Highway 95 and turn right. Proceed approximately 2.3 km (1.4 miles)
and turn left onto Bear Creek Road. Continue on Bear Creek Road,
pass under Highway 58, and turn right onto the second road [approxi-
materly 6.6 km-(4.1 miles)]. Turn right onto Highway 58 and proceed

. to Kingstdn. Travel approximately 6.6 km (4.1 miles) and turn right

onto Interstate-40 West. Proceed approximately 54.4 km (38.8 miles)
and exit at Crossville/Jamestown (Exit 317). Turn left and travel
toward Crossville on Highway 127/28 South. Turn right onto Highway 70
West through Sparta, Tenn., and turn left by the Commerce Union Bank.
Proceed approximately 20.6 km (12.8 miles) through Doyle and Walling.
Pass Browne Cafe in Walling, turn to the immediate right, and continue
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to the Rock Island State Park by following the signs. Caution should AD
be exercised because of the narrow road and the wooden bridge. After

crossing the bridge, turn right and proceed to the main office of the

park. The total distance is approximately 2.1 km (1.3 miles) from

Highway 70 West.

RAM No. 57 — Dale Hollow. When servicing RAM 57, the technician

should follow the routing procedure for RAM station 56, return to
Doyle, and turn left onto Highway 111 North toward Cookville (before
entering Sparta). (If RAM 57 is not to be serviced, the technician
should return to the Laboratory.) Proceed approximately 20.1 km

(13 miles) on Highway 111 North and turn left onto Highway 42 North.
Proceed approximately 4 km (2.5 miles) on Highway 42 North and turn
left onto Interstate-40 West toward Nashville. Travel approximately
11.6 km (7.2 miles) toward Nashville. Travel approximately 11.6 km
(7.2 miles) and exit at the Baxter/Gainesboro exit, (Exit 280,

Highway 56 North). Turn right onto Highway 56 North and proceed toward
Gainesboro. Instead of traveling the business district of Gainesboro, ;) .
proceed toward Celina on Highway 53 North about 29.8 km (18.5 miles).
Continue on Highway 53 North until a large sign for Dale Hollow Dam
can be seen on the right (disregard the Celina and Dale Hollow Lake's
signs before the Dam's sign). Turn right by the sign and proceed to
the powerhouse 0.8 km (0.5 mile). Use the outside phone to call the
operator before entering the building.

When leaving the RAM 57, the technician should turn right at the
end of the powerhouse driveway, travel approximately 1.2 km (0.7 mile)
and turn right onto the Dale Hollow Lake Bridge. Continue across
the bridge to Highway 52 East [4 km (2.5 miles)] and turn left. Drive
about 21.7 km (13.5 miles) and turn right (toward Cookeville) on
Highway 42 South. Continue on Highway 42 South for approximately
2.6 km (1.6 miles) and turn left onto Highway 84 South (Sam B.

Coward Highway) toward Monterey. Drive approximately 26.9 km

(16.7 miles) and turn right onto Highway 84 South. Travel approxi-
mately 0.5 km (0.3 mile) and turn left at flashing caution 1ight onto
Highway 70 East. Go approximately 0.9 km (0.6 mile) and turn left
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onto Interstate-40 toward Knoxville. Exit at the Qak Ridge/G;i1aher

Exit (Highway 58). Turn left onto Highway 58 and travel approximately

6.6 km (4.1 miles) to Bear Creek Road. Turn right and to the
immediate right onto Bear Creek Road. Proceed approximately 6.6 km
(4.1 miles) and turn right onto Highway 95, proceed approximately
2.2 km (1.4 miles) and turn left onto Bethel Valley Road. Continue
to the Laboratory [about 3.2 km (2 miles)].

RAM No. 58 — Knoxville truckpool, TVA site. Proceed east on White

Oak Avenue. Turn left onto Melton Hill Access Road and right onto
Bethel Valley Road. Proceed approximately 11.3 km (7 miles). Turn
right onto Edgemoor Road. Turn right onto Clinton Highway (High-
way 25 West). Exit at Interstate-640 and proceed to Broadway. Turn
right onto Broadway and to the immediate right onto Greenway Road.
Go approximately 1.6 km (1 mile) and cross railroad tracks. The
facility is on the left.

1.7.5
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1.8 Central Monitoring Station Panel

Introduction

The Central Monitoring Station (CMS) panel located in Building
4500S, room H-251, provides monitoring facilities for meteorological
data, the local and perimeter air monitoring (LAM and PAM) stations,
and White Oak Dam (WOD). Data are transmitted to the CMS by tele-
phone lines. The CMS is shown in Fig. 1.1-2 and a detailed description
and operating procedures are included in the Appendix.

Basically the CMS provides for the recording of data and has an
alarm system. Data are recorded by multipoint Brown recorders, five
single-point recorders and one multipoint EA recorder. The alarm
system has indicator lamps, a map displaying the station location of
the indicator lamps, provision for alerting guard headquarters, and
a large flashing orange 1light for alerting a Department of Environ-
mental Management employee.

Description of CMS Readout and Alarm Functions

2.1 LAMs — LAMs (1-22) air filters are monitored for beta gamma
radiation. If the counts per minute (c/min) exceed 1300, the
alarms are activated.

2.2 FOMs — The 22 fallout monitors (FOMs) located at the LAMs are
telemetered to the CMS. Any 12 of the 44 beta-gamma or alpha
c/m can be selected for monitoring by means of a patchcord panel.
If one of the 12 selected FOMs has a c/min exceeﬁing 200 c/m, the
alarms are activated.

2.3 PAMs — PAMs 1-6 and 9 air filters are monitored for beta-gamma
radiation; if the c/min exceed 2000, the alarms are activated.

2.4 WOD — The following data are telemetered to the CMS from White
Oak Dam:

2.4.1 height of WOD above 740 feet, displayed on a digital
voltmeter; above 750 activates the alarm

2.4.2 pump failure alarm

2.4.3 effluent water — beta-gamma radiation is monitored; a
high level activates an alarm.

1.8.1
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2.5

Weather information — Temperature, temperature gradient, dew _E)
point, wind direction, and wind velocity are monitored by CMS.

The weather sensors are located on the roof of Building 4500S.

There are no alarm signals associated with the meteorological

data.

3. Data Interpretation, Operator Controls, and Operating Procedure

and Reporting

3.1

3.2

3.3

Data interpretation, operator controls, and operating procedure
are discussed in detail in the Appendix. This information is
also posted on the right side of the CMS console.
Reporting — When an alarm has been activated, it should be con-
sidered as an emergency alert until determined otherwise.
Diagnostic diagrams in the form of flow charts (Figs. 1.8-1-1.8-3)
are given in the Appendix. These will aid in ascertaining what
action is required. By using the procedure given in the
diagnostic aid, usually it will be possible to resolve the
situation into one of the following categories. ~
3.3.1 The alarm was caused by some transient artifact. If «>
after setting the alarm all appears normal, no further
action is required.
3.3.2 The alarm was caused by an instrumentation malfunction
and the I&C maintenance should be notified.
3.3.3 The alarm was probably due to a high radiation level and
the department head should be notified (during the
regular day shift) or the Radiation Survey Shift Super-
visor (during any other shift). If for some reason
neither individual can be contacted, someone in the
Department of Environmental Management should check the
situation immediately.
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7 ' ORNL-DWG 80-17555

IF HIGH LEVEL ALARM SOUNDS:

PUSH ACKNOWLEDGE

WAIT, DOES ALARM
SOUND AGAIN?

¢ RESET ALARM
. YES

DETERMINE WHICH STATION
IS HIGH, USING LIGHTS
ON PANEL

IS CHART FULL
( . SCALE?

NO
@ - RESET ALARM

YES

ARE ANY OTHER STATIONS
SHOWING AN [INCREASE IN
ACTIVITY?

YES
9 NOTIFY SUPERVISOR

NO

DOES ALPHA OR BETA
SHOW INCREASE IN
ACTIVITY?

YES
® NOTIFY SUPERVISOR

NO

NOTIFY | & C

Fig. 1.8-1. Emergency reporting procedure.
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ORNL-DWG 80-17553

I'F HIGH LEVEL ALARM SOUNDS
OR IF MODULE LIGHT COMES ON:

PUSH ACKNOWLEDGE
IF NECESSARY

IS CHART READING
FULL SCALE FOR
ALARMING STATION?

NOTIFY | & C

NOTIFY SUPERVISOR

NO
@
YES
DO ANY OTHER STATIONS
SHOW AN INCREASE
OF ACTIVITY?
YES
e
NO
DOES LAM FOR THAT
STATION SHOW INCREASE
IN ACTIVITY?
YES
< L 4
NO

NOTIFY | & C

NOTIFY SUPERVISOR

Fig. 1.8-2. Emergency reportin\g procedure.
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ORNL-DWG 80-17554

IF ALARM SOUNDS:

PUSH ACKNOWLEDGE

SOUND AGAIN?

WAIT, DOES ALARM

NO
YES RESET ALARM

DETERMINE WHICH
STATION IS HIGH

NOTIFY SUPERVISOR

Fig. 1.8-3. Emergency reporting procedure.
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(/ T; 1.9 Processing of Gummed Fallout Paper for the Local,
Perimeter, and Remote Air Monitoring (LAM, PAM,
RAM) Stations

1. LAM

The LAM gummed fallout papers (Fig. 1.9-1) are exchanged on
Mondays. The routine processing of these papers for the evaluation of
radioactivity begins on Tuesday morning to allow for the decay of
short-1ived natural activity. Following are the'processing procedures.

1.1 Fill out an Environmental Data Card (see Appendix) for each
gummed paper.

1.2 Cover the gummed side of the paper with a thin layer of com-
mercial plastic wrap. Several steps are involved.

1.2.1 Lay the paper, gunmed side down, on the plastic wrap
so that the gummed surface is completely covered
(Fig. 1.9-2). If the gummed paper is wet, allow to
o air dry before covering with plastic wrap. HANDLE
(Ejﬁ ONLY THE EDGES OF THE GUMMED PAPER. In adverse
weather conditions, the gummed paper tends to become
brittle and may break. If this occurs, the paper
should be treated with special care and placed on top
of the wrap as under normal conditions.

1.2.2 Press gummed paper firmly against the plastic wrap.

1.2.3 Cut gummed paper from its aluminum frame and label
the nongummed side with the LAM station number,
which can be found on each sample's aluminum frame.

1.2.4 Cut all excessive wrap from gummed paper (i.e., no
double layers of wrap) and place on top of a
0.38- by 0.43-m cardboard backing with the gummed side
up. Tape the wrapped paper to the cardboard and label
for identification purposes. N

a 1.3 The gummed fallout paper should be autoradiographed to locate
(- radioactive tracks.
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1.3.1 Autoradiographic techniques *E>

1.3.1.1

1.3.1.2

1.3.1.3

In the dark room, use a graphite pencil to
label the film with the date and LAM station
number. Label the cardboard and film so that
the gummed paper can be identified as to

the exact position of the radioactive tracks
on the film. THIS IS EXTREMELY IMPORTANT

WHEN TRYING TO DETERMINE THE SPECIFIC LOCA-
TION OF RADIOACTIVE TRACKS. Place each

gummed paper (on cardboard) on a 0.45- x 0.45-
X 0.01-m wooden board and cover with a sheet
of 0.35- by 0.43-m Kodak Blue Brand X-Ray film
(type BB-5). Place film on the sample such
that the gummed side is in direct contact

with it. Cover the film with a sheet of

film packing paper to prevent scratching.

Stack the gummed fallout paper one on top of ;> .
the other as described in step 1.3.1.1.
Place a wooden board on the top of the
last sheet of film packing paper and
expose the film to gummed paper for a
period of 24 h. DO NOT TURN ON LIGHTS.

After 24 h, place each film in an individual
film rack. Keep all film baths at a con-
stant temperature of 20°C (68°F) and wear
gloves while developing.

1.3.2 Procedures for developing films

1.3.2.1

Place each film in the developer® bath for
exactly 3 min. Space films so that the
developer will coat both sides of the film.

—
Coronex X-Ray Developer and Replenisher by Du Pont. The commercial

package mixture is used.
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1.4

1.5

1.3.2.2 Place immediately in a stop-bath solution
of 1IN CH3COOH for 1. min.

1.3.2.3 Remove, drain, and immerse immediately in
the fixer™ for 10 min.

1.3.2.4 PRemove from fixer, drain, and place
immediately in the wash bath for 45 min.

1.3.2.5 Remove, drain, and allow to dry in the oven
for 1 h; separate the films while in the
the furnace to ensure complete drying.

After the films have been processed, check films individually

on a light box for tracks caused by ionizing emissions. In cases
where tracking occurred, record the number of spots according

to their sizes for permanent record. Compare each sample film
strip with a calibrated film strip that has the characteristic
spot sizes of the activities. This combarison aids in the
determination of the magnitude of each radioactive particle
detected. The calibrated film strip is exposed to standard
reference sources of known activities in the ranges of 10° to
106, 106 to 107, and greater than 107 dis/min for 24 h

(dis min~! 24h~1). Each spot created by these activities

has a characteristic size and can, therefore, be used to
qualitatively categorize each particle activity detected on the
sample. The contaminated gummed filter paper(s) can then be
assayed for quantitative identification of radioactivity detected.
This is done by the Analytical Chemistry Division using either
solid state detection systems (for gamma and/or alpha spectro-
metry) and/or radiochemical techniques.

For those gummed papers on which 1ittle or no tracking occurs,
coat papers (with wrap) completely with a layer of scintillate
mix on the gummed sides for gross-beta counting.

*
Coronex X-Ray Fixer by Du Pont. The commercial mixture is used.
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1.6 Procedures for the preparation of gummed fallout paper samples
for liquid scintillation counting.

1.6.1 Reagents
1.6.1.1 Toluene base
1.6.1.2 PP0O (2, 5-diphenyloxazole)
1.6.1.3 POPOP (1, 4-bis-2-5-phenyloyazoyl)
1.6.1.4 Cellulose acetate

1.6.2 To obtain a high counting efficiency for tritium, a
nonpolar solvent, toluene, is used as the base in
the 1iquid scintillation mixture. PPO and POPOP are
used as the primary and secondary scintillators,
respectively, so that the photon spectrum will match
the Spectral sensitivity of the photomultiplier tube.

The addition of cellulose acetate ensures adhesion to

the sample without increased quenching. The liquid.
scintillation mixture provides a maximum sensitivity
for counting.

1.6.3 Procedure

1.6.3.17 Pour 1000 m1 of toluene base into a 1500-m1l
beaker.

1.6.3.2 Add 50 g of crushed polyethylene vials and stir

until completely dissolved.
1.6.3.3 Add 5 g of PPO and 100 mg of POPOP.

1.6.3.4 Transfer the mixture into a 4000-m1, 1ight-
insensitive, storage bottle for future use.

1.6.3.5 Store in a dark area. Brush the mix on and

allow to air dry for 5 min. After the scin-

tillate has dried, cut each gummed fallout
paper in half. Fold each half and place
into a separate 24-ml cellulose acetate

1.9.6
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codﬁ%fng vial labeled to identify the
sample pairs.

" 1.6.3.6 Count each vial for 10 min in a Packard
Tri-Carb 1iquid scintillation spectrometer
unit. A background counting rate in the
order of 15 to 20 counts/min is obtained
using the system when counting for gross-
beta activity (integrate mode). Use a
reference sample to determine the efficiency
of the detector before the samples are
counted. Spread the reference source uni-
formly over a 0.30- by 0.30-m gummed fallout
paper (on the gummed side) and wrapped with
a thin layer of plastic wrap. Coat with
a layer of the scintillation mix used for the
field samples. Cut the reference sample in
half, place in two separate cellulose acetate )
vials, and count to duplicate the geometry
between reference source and field samples.
The efficiency for this method is from
15 to 20%.

1.6.3.7 After a permanent record has been filed for
each gummed fallout paper (both halves summed),
the papers are discarded.

L

The PAM gummed fallout papers follow the same analysis pro-
cedure as the LAM papers except they are not autoradiographed. They
are covered with plastic wrap and coated with scintillate for grbss-
beta counting. The PAM gummed fallout papers are exchanged on Mon-
day; the processing of this paper begins on Wednesday morning.

RAM

The RAM gummed fallout papers are processed exactly as the PAM
gummed fallout papers. Processing begins when they are received
through the mail. — ce e —
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1.10 Specific Radionuclide Analyses Applied to Air
Monitoring Samples

Sample Preparation

Air monitoring filters from the local (LAM), perimeter (PAM),
and remote (RAM) air monitoring networks are changed at weekly inter-
vals and gross-alpha and -beta determinations are made on individual
filters (Sect. 1.9). Quarterly (13-week) composites are then made
of the individual filters from each of the LAM, PAM, and RAM col-
lections. The LAM quarterly composites consist of 23 stations yield-
ing 299 filters for the quarter. Filters from 5 weeks of the
quarter (115 papers) are placed in a 6.5 x 6.5 x 3.0 cm polystyrene
box. The remaining filters are evenly divided into two 4-week
packages (92 papers each) in polystyrene boxes identical to that used
for the 5-week collection. The resultant LAM quarterly composite
has three components: a 5-week box with 115 papers and two identi-
cal 4-week boxes with 92 papers each.

Similar considerations are used in preparing composites from
the PAM and RAM networks. Quarterly composites from both these
latter networks are divided into two segments: a 7-week portion and
a 6-week portion. These filters are fitted into two of the 6.5 x
6.5 x 3.0 cm boxes for later counting in the high-resolution gamma-
ray spectrometer.

High-Resolution Gamma-ray Spectrometer

The gamma-ray spectrometer system currently used to analyse
radionuclides in air monitoring samples consists of a 23% efficient
[relative to a 7.6 x 7.6 cm NaI(T1) detector at 25 cm for 1.33 MeV
gamma rays] germanium-lithium detector with a resolution of 2.2 keV
full width at half maximum for 1.33 MeV gamma rays. The detector
is housed in a lead shield with graded Tiner and wall thickness of
7.6 cm. The entire spectrometer system is contained within a
counting facility with high-density, 61-cm thick concrete walls and
ceiling. \

The detector is operated with suitable low-noise electronic
assemblies and is connected to a Nuclear Data, Inc. Model 4420
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computer-based pulse-height analyzer. The operating software for
the system is ND 1076-02 (1976). Operating parameters are chosen
so that 0.5 to 0.7 keV per channel gain calibration is selected and
a total channel cépacity of 2048 to 4096 region is used. With such
a choice of conditions, the spectrometer may detect gamma rays
within the energy range of 60 to 2700 keV.

Energy calibration is performed with the on-line procedure
selected by the operating monitor. Mixed radionuclide standards
such as U.S. National Bureau of Standards' SRM 4216 are convenient
for this purpose.

Efficiency Calibration

Three permanent calibration standards for air monitoring
samples were prepared by tagging a cation exchange resin (Dowex 50)
with suitable radionuclide standards by batch equilibrations.
Portions of the air-dried resins (previously assayed by direct
comparison with U.S. National Bureau of Standards materials) are
placed in 6.5 x 6.5 x 3.0 cm boxes identical to those of the
quarterly composites. Standardization aliquots are adjusted so
that a quantity of ion exchange resin will fill one of the calibra-
tion boxes to the same height as the 5-week box of the LAM com-
posites. The otheir two boxes are filled with a quantity of
calibrated resin equivalent to the 4-week boxes of the LAM collection.

Before analysis of any of the quarterly composite air samples,
calibrations are performed by placing the 5-week calibration box on
the top of the end cap of the germanium-1lithium detector and putting
the two 4-week boxes in a close-packed array against the side of the
end cap. Data are collected for a suitable time interval depending
on the strengfh of the calibration sources (1000 to 2000 records).
An efficiency versus energy curve is constructed for the three-box
calibration and used in later analysis of the LAM network composites.
A second calibration curve is made by placing the 5-week calibration
box on the top of the end cap of the germanium-lithium detector and
putting one of the 4-week boxes against the side of the germanium-
Tithium end cap. This latter efficiency curve is used for both the
PAM and RAM network composites.

1.1C.2
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4.

Data Collection

The prepared samples of quarterly composite air filters are
placed in the detector shield in an array exactly 1ike that used
for the calibration sources (LAM composite with three boxes in
close-packed array and PAM and RAM composites in identical two-box
arrays). Counting intervals for each of the three composites are
at least overnight (55,000 s).

At the conclusion of the preset counting interval, data for
the given composite is entered onto industry-compatible nine-track
magnetic tape for subsequent processing by an off-line computer
program. In addition, a PEAK SEARCH routine from the ND 1076-02
monitor is performed on the spectral data while it resides in the
ND 4420 memory. The on-line PEAK SEARCH determines the area,
background, centroid, full width at half maximum, and the energy of
each peak in the spectrum. The on-line program provides an
immediate readout and the data is useful for quality control or
other purposes. To produce quantitative results, the area deter-
mined for each peak must be corrected for efficiency, branching
ratio, and sample weight.

The IBM 360 program used for data reduction is called MONSTR.
It is operated in a batch mode and utilizes spectral data and
experiment parameters submitted on compatible magnetic tape. The
initial stage of MONSTR performs a peak extraction in a fashion
similar to the on-1ine program. However, MONSTR contains routines
for efficiency correction and nuclide identification, so the final
output 1ists the identity of each major nuclide along with a quan-
titative determination of its concentration. Detailed comparisons
have shown that the basic functions of both programs yield similar
results. Hence, both programs are used in a complementary fashion
in the overall data reduction schemes for air filter analyses.

In a typical air filter sample from any one of the three net-
works, beryllium with a 477.6 keV gamma ray is usually present at a

total activity of [(5.55 to 9.25) x 102 Bq] [(1.5 to 2.5) x 10~2 uCi].

Other nuclides usually detected are: cerium-144 with a 133.5 keV
gamma-ray, cesium-137 (661.6 keV), and antimony-125 (428, 464 and
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600.8 keV). At times of atmospheric nuclear testing, other short-
lived fission products may be measured with variable sensitivity.

Quantitative results calculated for each radionuclide are
corrected for decay from the time of counting back to the midpoint
of the respective quarter: February 15, May 15, August 15, and
November 15, for the first, second, third, and fourth quarters
respectively.

Final calculations for the air monitoring data involve deter-
mination of the total volume of air passing through each of the
composites in the 13-week interval. Such determinations yield
approximately 1.2 x 10 cm3 for a typical LAM sample, approximately
1.9 x 10 cm3 for a typical PAM, etc. Thus, specific radionuclide
concentrations are calculated by dividing the total activity for
that specific nuclide by the total air flow through the composite.
Results may be expressed as Bq/cm3, Bgq/liter, Bg/m3, etc.

1.10.4



1.11 Gross-Alpha and Gross-Beta Counting of the Hol]1ngsworth
and Vose-70 Filter Paper

Filter papers from the LAM, PAM, and RAM stations are counted for
both gross-alpha and gross-beta activities. The filter papers are
usually counted the day following collection, after the short-lived
natural activities have essentially decayed. The following procedure is
used for determining both gross-alpha and gross-beta activity.

1. Each filter paper is dried, if wet, and sent to the counting room
with its respective computerized environmental data card
in an envelope.

2. In the counting room, the papers are cut (in half) parallel to the
particle grids to prevent contamination of the scissors.

3. Each 6.25 x 12.5 cm filter paper is placed in a ZnS(Ag) scintilla-
tion detector and counted for 1 min. The detector drawer has been
modified so that each half of the filter paper sample fits snugly.
The detector has an efficiency of approximately 50% and a back-
ground counting rate of 0.5 counts/min.

4, The net count rate of both halves of each filter paper is summed.
The total activity of the filter paper in Bq (uCi) gross-alpha is
recorded on the computerized environmental data card.

5. After the gross-alpha activity has been determined, each half of
the filter paper sample is trimmed to 5 x 10 cm (by removing the
borders) and placed in a separate 25-ml1 cellulose acetate vial for
gross-beta counting. These scintillation vials are coated intern-
ally with a plastic scintillation phosphor mixture. The procedure
for the preparation of this mixture is presented in Sect. 1.9.

6. Each vial is counted for 10 min in a Packard Tri-Carb liquid
scintillation spectrometer unit that has a background counting rate
of 15 to 20 counts/min. To confirm the efficiency of the system, a
reference sample is counted before counting the filter samples.
The efficiency will vary according to the energies of the poly-
energetic beta particles.
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The total net count rate for both halves of each filter paper
sample is converted to Bq (uCi) units of gross-beta and recorded on
its respective environmental data card.

Each filter paper sample (both halves) is placed in its respective
envelope and kept on file until the end of the quarter, when a
quarterly composite assay of long-lived activity present on the
filter papers for each of the LAM, PAM, and RAM networks is per-
formed. This composite assay includes gamma spectrometric analyses
and radiochemical analyses for strontium, plutonium, uranium, and
thorium radionuclides.
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1.12 Procedure for Preparing and Reading Thermoluminescent Dosimeters

Various methods can be used to anneal, temper, and read thermo-

luminescent dosimeters (TLDs), and it is important that the same pro-

cedure be followed each time for accurate results. Because there are
various types of TLDs available, different procedures frequently are
needed to prepare them for their specific uses. A general procedure for
preparing and reading TLDs for environmental on-site monitoring of &
radiation at ORNL follows. This procedure is followed for all three
types of TLDs used in the field: TLD-100s, -200s, and -700s.

1. Preparation of TLDs to Be Put Into Service

1.1

1.2

Handling. Proper care is needed to prepare the TLDs for dosi-

metry readings.

1.1.1 Clean the metal plate heating discs with isopropyl
alcohol and dry them using an air hose before placing
the TLDs on them.

1.1.2 Handle the TLDs with a pair of tweezers or a vacuum
hose rather than by hand.

Annealing. Two ovens are used to anneal the TLDs. One is

heated to 400°C; the other is heated to 100°F. It is important

that the timing be accurate. TLDs are to be treated essentially

the same way.

1.2.1 Place all the TLDs needed (including background and
calibrated TLDs) on the metal heating plate.

1.2.2 At 400°C, anneal the TLDs for 30 min + 15 s.

1.2.3 Remove from the oven and allow to cool for 3 min on
a brass plate. TLDs are sensitive to 1ight and
should be covered when outside the oven.

1.2.4 After cooling, place the TLDs in the second oven at
100°F for 2 h £ 5 min.

1.2.5 Allow the TLDs to cool before p]aciﬁg into the 135-ml
plastic bottles for the field.

1.12.1
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Loading the TLDs for Field Dosimetry tj

Each type of air monitor requires a specific set of TLDs;
therefore, the procedure for loading the TLDs for field dosimetry
purposes will be presented for each type of air monitor.

Local Air Monitors (LAMs)

Place three annealed TLD-100 chips in a plastic TLD ring and
cover with a round foam pad before sea]ing'fhe ring (Fig. 1.12-1).
Place the ring carefully into a 135-ml1 plastic bottle and add tissue
paper to hold the ring in place. Desiccant is also placed in the
bottle. Seal the bottle and label it with a red or yellow dot (which
indicates a yearly or quarterly exposure period respectively) and
with the number of the LAM station. '

In addition to the TLD field samples, three background and
three calibrated TLD-100 samples are prepared to accurately measure
the integrated dose from the field samples. The background and
calibrated TLD samples are prepared the same way as the field samples.
The three calibrated TLD samples are exposed to a radium-226 reference ,) ’
source at a known distance and period of time. Therefore, the
readout can be calibrated to the theoretical integrated dose (milli-
rems). Other factors such as backscattering must also be taken into
account. This calibrated exposure is performed during the middle
of the long-term exposure period for the field samples. They are
stored in a lead pig until all the LAM field samples are ready to be
analyzed. :

The three background TLD samples are not exposed to any radia-
tion other than background levels. They are placed in the lead pig
(along with the calibrated TLD samples) at the midpoint of the long-
term exposure period of the field samples. Therefore the net dose
can be determined by subtracting the background integration from the
counts of the calibrated TLD samples.

Perimeter Air Monitors (PAMs)

Place two annealed TLD-200 chips between 2-cm layers of cadmium
filter in a plastic TLD ring; no foam padding is necessary. Handle
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the chips with a vacuum rather than by hand and place the ring and ‘)
tissue paper into a plastic bottle. Seal the bottle and label with
the PAM station number.
Three background and three calibrated TLD-200 field samples
are also prepared in addition to the field samples. Each sample
consists of a single TLD-200 chip between two cadmium filters. The
samples are prepared the same as the field samples. From this point
on, the procedures for preparing the background and calibrated
samples are the same as those presented for the stations.

Remote Air Monitors (RAMs)

Place three annealed TLD-700 chips in a plastic TLD ring and
cover with a round foam pad prior to sealing the ring. These chips
are used for the annual long-term exposure samples. The ring is
then packaged as presented earlier.

In addition to the annual long-term exposure, a field sample
is replaced every 6 months. Two annealed TLD-200 chips are sand-
wiched between two layers of cadmium filter and placed in a plastic ) .
ring. The ring is packaged in the same manner as presented earlier.

Three background and three calibrated samples are prepared
identical to both the TLD-200 and -700 chips. The calibrated samples
are exposed during the middle of the long-term exposure beriod of
the field samples. They are stored in a lead pig, along with the
background samples, until all the RAM field samples (semiannual and/or
annual term exposure samples) have been collected for analysis.

Reading the TLD Field Samples

When the TLD field samples are returned to ORNL, the TLDs are
removed from the plastic bottle and placed into separate envelopes.
Each envelope is labeled with the initial and final date that the
sample was exposed and the location of exposure. The envelopes are
placed in the lead pig along with their respective background and
calibration samples. The LAM field samples and their calibrated
and background samples are read together. The following procedure
is used when reading the three types of TLDs.
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6.1 Temper all TLDs at 80°F for 20 min.
6.2 Cover the TLDs and allow to cool for 3 min.

6.3 Preheat the TLD reader (Eberline Model TLR-5) from 130 to 135°
for 13 to 15 s. The integration temperature ranges from 280
to 285°C for 12 to 15 s. )

6.4 Place the TLDs in the TLD reader and determine the total inte-
grated dose (Fig. 1.12-2).

Because the three background samples and three calibrated samples
are also read, an accurate integrated dose for the exposed field
samples can be determined.

The procedure outlined above is also used for both the PAM and
RAM field samples. In the case of the PAMs, the field samples can
be collected in a day. Therefore, the integrated dose for each
sample can be evaluated using the same background and calibrated
doses for each sample. This is not the case with the RAM field
samples. Only two field samples are collected each week; therefore,
a total of 5 weeks is required to collect all the RAM field samples.
Those samples which have been collected prior to the last week of
collection are stored in the lead pig along with their background
and calibrated samples. When evaluating the actual net integrated
dose for each field sample, a correction factor for the time that
each field sample was exposed to background radiation (i.e., stored
in the lead pig) must be used. This correction factor is the ratio
of the number of weeks the RAM TLDs were stored in the lead pig
to the number of weeks the background TLDs were taken. The counts
obtained from this ratio are subtracted from the counts of the RAM

TLDs. This value is the actual net integrated dose of the field TLDs.

Records

Accurate records must be kept of the TLD samples. These include
the length of time the field samples have been exposed and the loca-
tion of exposure. The dates and exposure doses must be recorded on
calibrated samples. The dates that the background samples were
stored in the lead pig must be recorded on samples so that the proper
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(ikﬁh correction factors can be applied and the accurate field sample
dose can be determined. A permanent record for each field sample
(in millirems) must be logged in the laboratory notebook.
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1.13 Procedure for the Preparation and Analysis by Gamma
Spectrometry of Activated Charcoal for Iodine-131
and other Fallout Radionuclides

The activated charcoal cartridges (Fig. 1.13-1) at the LAM and PAM
stations are collected, replaced, and returned to the Environmental .
Surveillance Laboratory weekly. The activated coconut charcoal in each
cartridge is poured into separate 70 x 15 mm plastic petri dishes and
covered. The petri dishes are labeled with the date and number of the
LAM or PAM on the charcoal cartridge and are sent to the Analytical
Chemistry Laboratory (along with a request sheet UCN-1910) for analysis®
of iodine-131 and other fallout radionuclides. The charcoal samples
should be processed as soon as possible because of the short half-life
of iodine-131 (approximately 8.05 days).

After Analytical Chemistry receives the labeled samples, they are
counted, separately, on 7.5 x 7.5 cm NaI(T1) crystals. Three separate
detection systems (crystal, pulse-height analyzer, etc.) are used so
that three samples can be counted (one for each system) at any one time.
The three photopeak spectra are fed into the Nuclear Data (ND) 6600
computer and resolved for the radionuclides identified on each sample.

The petri dish containing the sample is placed directly on top of
the crystal and is counted from 40 to 90 min. Each crystal is housed
in a lead pig constructed of an inner graded shield with layers of copper,
cadmium, and 7.5 cm of lead. This design helps to reduce interaction
between the crystal and low energy rays and/or gamma rays from cosmic
and lead emissions. The counting room is constructed with 60-cm thick
low-activity, high-density concrete.

A reference source of ijodine-131 adsorbed on activated coconut
charcoal (6-14 mesh) is placed in a petri dish (simulating a field
sample) and counted on the crystal in the same manner as the field
samples. The photopeak spectrum may be resolved by using reference
sources from the library of standards. The photopeak may also be
resolved by least-squares using the Alpha-M computer program presented
in "A General Discussion of the MONSTR Program for Determining Radio-
nuclides in Germanium-Lithium Gamma-Ray Spectra" (Sect. 2.4). The
computer output 1ists those radionuclides identified in each sample.

1.13.1
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For improved sensitivity, three 0.15 x 0.15 m NaI(T1) crystals with
approximately 3.5 x 7.5 cm wells in the center of each crystal are
available for -counting the samples. Specially fitted plastic vials with

" the same dimensions as the well are used to contain each charcoal sample.

Each sample is fitted snugly into the well enabling a high geometry
factor to be obtained. The spectrum developed is then fed into the

ND 6600 computer along with its appropriate library of standards (refer-
ence sources counted in the 0.15 x 0.15 m crystal) and resolved. The
sensitivity of this system for iodine-131 1is around 20 dis/min * 30%

(for a 90-min count). The percentage error increases rapidly below this

activity.

In the case where gamma spectrometry analysis by scintillation
technique is too complex (e.g., nuclear fallout), the sample may be
analyzed by a germanium-T1ithium drifted semiconductor detector to enable
better resolution of the photopeaks.

Once the radionuclides and their activities have been determine&,
the charcoal samples are filed for two months, after which they are dis-
carded. The concentrations of the radionuclides in the atmosphere may
be determined by calculating the total volume of air that passed through
the cartridge during the sampjing period. Corrections for decay must
also be taken into account (e.g., iodine-131 and its relatively short
half-l1ife). The results are sent to the Department of Environmental
Management.
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1.14 Radiochemical Method for Detérmining Plutonium in Air Filters

(performed by Analytical Chemistry Division Laboratory)

Source: Environmental and Effiluent Analysis Manual,
Union Carbide, Nuclear Division

Scope and Application

This method is applicable to the determination of the isotopes
of plutonium in paper and Hollingsworth type air filters.

Summary of Method

2.1 Plutonium-242 tracer is added to the dissolved filter solution
and valence-adjustment steps are taken to equilibrate the tracer
with the sample plutonium. After being adjusted to Pu*,
plutonium is adsorbed on ion exchange resin, reduced to Pu*3,
and selectively eluted from the resin. Subsequently, plutonium
is carried on praseodymium hydroxide, dissolved, and oxidized
to Pu*, which is then extracted with thenoyltrifluoroacetone-
xylene. The organic extract is evaporated on a stainless steel
disk, and the plutonium is determined by alpha spectrometry.

2.2 The lowest concentration reported is 1.48 x 1073 Bg/total
(0.04 pCi/total). Typically, for filters that have filtered
1 x 103 m3 of air, the lowest concentration reported then is
1.48 x 106 Bg/m3 (4 x 10~° pCi/m3).

Sample Handling and Preparation

Filter should be handled as little as possib]é to avoid loss
of particulates and should be stored in plastic containers such as
polyethylene bags. .

Interferences

4.1 Plutonium-240 cannot be distinguished from plutonium-239 by
alpha pulse-height analysis; however, alpha pulse-height analysis
eliminates most other alpha interferences.
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5.10
5.1

Analytical balance

Muffle furnace

Hot plate

Centrifuge

Vortex mixer

Extraction vials, 50-ml with plastic-1ined screw caps

Teflon beakers, 250-ml size

Transfer pipettes

Lab glassware

5.9.1 Beakers, 250-, 100-, and 500-ml

5.9.2 Centrifuge tubes, 50-ml glass

5.9.3 Glass ion exchange column, 8 mm ID by 25 cm long,
fitted with a stopcock and reservoir

Stainless steel disks

Multichannel analyzer system with silicon surface-barrier

detector(s)

Reagents

6.1
6.2

6.3

6.4

6.5

6.6
6.7

Nitric acid (HNO3), concentrated

Nitric acid (HNO3), 8M: Add 500 m1 of concd HNO; to 500 ml
of water.

Ammonium hydroxide (NH, OH), concentrated

Plutonium-242 tracer solution: Dilute an NBS-certified (or
equivalent) solution of plutonium-242 to a concentration of
10 dis/min/ml with 2M HNO; and store in glass.

Nitric acid, IM: Add 62.5 ml of concd HNO; to 500 ml1 of water
and dilute to 1 Titer with water.

Sodium nitrite (NaNO,), crystals

Sodium nitrite solution, 3M: Dissolve 10.4 g of sodium nitrite
(NaNO,) in water and dilute to 50 ml with water. Make fresh
daily.

1.14.2
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6.8

6.9

6.10

6.11

6.12

6.13

6.14

6.15

6.16
6.17

Thenoyltrifluoroacetone (TTA)-xylene solution, 0.5M TTA:
Dissolve 111 g of SC,H3COCH,COCF3; (TTA) in xylene and dilute
to 1 liter with xylene.

Ferric nitrate solution, 0.1M: Dissolve 40.4 g of ferric
nitrate nonahydrate {Fe(NO3)3°9H,0] in water and dilute to
1 liter with water.

Hydroxylamine-hydrochloride solution, 5M: Dissolve 347.5 g
hydroxylamine hydrochloride (NH,O0H-HC1) in water and dilute
to 1 liter with water.

Hydrochloric acid-hydroxylamine hydrochloride solution,

0.5M HC1-0.05M NH,OH-HC1: Add 42 ml of concd HC1 and 10 ml
of 5M NH,O0H-HC1 to 500 ml of water and dilute to 1 liter with
water,

Hydrochloric acid (HC1), concentrated

Praseodymium carrier solution: Dissolve 12.82 g of praseodymium
nitrate dihydrate [Pr(N0O3);-2H,0] in 500 ml of water and
dilute to 1 1iter with water.

Anion exchange resin: Dowex 1 x 4 (50-100 mesh, chloride form)
or equivalent

Hydrochloric acid (HC1), 8M: Add 666 m1 of concd HC1 to 334 ml
of water.

Hydrogen peroxide (H,0,), 30% solution

Hydrofluoric acid (HF), concentrated

7. Procedure

7.1

7.2

7.3

Weigh’an aliquot of the filter(s) and place in an adequately
sized beaker. Relate weight to total sample to determine air-
flow volume.

Place the beaker and sample in a muffle furnace and set the
temperature to 210°C.

Carbonize the sample by allowing it to remain at 210°C for 8 h.

1.14.3

T R Ty T 1 Y T I e T T N Ty P e T W E e W AT LR A e e e ]

.

-t

| OO NG R §



~ ~ ~ ~ ~
. * [

.10
11

.12
.13

.14
.15

.16

17

Raise the temperature of the furnace to 375°C and allow the
sample to ash at this temperature for 16 h and finally ash
at 525°C for 24 h.

Transfer the ashed sample to a 250-m1 Teflon beaker.

Add 25 ml of concd HNO3 and 25 ml of concd HF. Note — Paper
filters may be completely soluble in HNO3; therefore, the
addition of HF may be excluded, and the procedure can be con-
tinued at step 7.14.

Place the sample on a hot plate and take to dryness.
Repeat steps 7.6 and 7.7 twice.

Add 15 ml of concd HNO; and take to dryness.

Repeat step 7.9 twice. ‘

Take up the residue in 25 ml1 of 8M HNO; and 3 to 5 ml of 30%
H,0,.

Transfer the sample to the original ashing beaker.

Place the beaker on a hot plate and digest with the addition
of 30% Hy0, in 1-ml1 portions until the solution is clear.

Add 1.00 m1 of 10 dis min~! m1~! plutonium-242 tracer solution.

Adjust the volume to about 50 ml and the acidity to 8M HNOj
by evaporation and/or the addition of concd HNOj.

Add 250 mg of NaNO, crystals, place on hot plate, bring to a
boil rapidly, immediately remove from heat, and allow the sample
to digest for 20 min to adjust the valence of plutonium to Pu*:.

While the sample is digesting, prepare a resin column as follows:

7.17.1 Place a glass-wool plug in the bottom of the column
described in step 5.9.3.

7.17.2 Slurry the resin (see step 6.14) with water and
immediately discard the fines by decanting. Repeat
as necessary until fines are removed.

1.14.4
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7.18

7.19

7.20

7.21

7.22

7.23

7.24

7.25

7.17.3 Transfer 4 ml of resin to the column with water.
Prevent any channeling by maintaining the solution
Tevel above the resin by use of the stopcock.

7.17.4 Place a glass-wool plug on top of the resin.

7.17.5 Convert the resin fo the nitrate form by passing
several column volumes of 8M HNO; through the column
until the resin is free of chloride ions.

Transfer the sample solution, which should be at room tempera-
ture, to the prepared resin column, and allow it to flow
through the column at a rate of 2 ml/min. Discard the effluent
solution.

Rinse the beaker with 25 m1 of 8M HNO3 and transfer the rinse
to the column. Allow the 8M HNO; rinse to flow through the
column at a rate of 2 ml/min. Discard the effluent solution.

Rinse the beaker with 25 m1 of 8M HC1 and transfer the rinse to
the column. Allow the 8M HC1 rinse to flow through the column
at a rate of 2 ml/min. Discard.

Add one drop of 0.1M Fe(NO3)3 and 1 m1 of 5M NH,OH-HC1 to the
column. Open the stopcock, and allow the solution to drain to
the top of the resin bed; then stop the flow. Discard the
effluent solution.

Add 4 ml of 0.5M HC1-0.05M NH;0H-HC1 solution. Place a 50-ml
glass centrifuge tube under the column. Allow 3 ml of solution
to drain into the tube and close the stopcock.

Allow 20 min digestion time for reduction of the plutonium to
puts,

Add 25 m1 of 0.5M HC1-0.05M NH,OH-HC1 solution. Pass the
solution through the column at a flow rate of 2 ml/min into
the 50-m1 tube.

Add 1 ml of praseodymium carrier to the sample solution in the
50-m1 tube and mix thoroughly.

1.14.5
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7.26

7.27

7.28

7.29

7.30

7.31

7.32

7.33

7.34
7.35

Add concd NH,OH, with stirring, to a pH of 9. Allow 15 min
digestion time.

Centrifuge for 10 min at 1500 rpm and discard the supernatant
solution.

Wash the precipitate with water, centrifuge, and discard the
water wash solution.

Dissolve the precipitate in 6 drops of concd HNO; and transfer
the dissolved sample to a 50-ml extraction vial with 5 ml of
1M HNO3. Add 10 drops of 3M NaNO,, mix well, and allow 20 min
digestion time for plutonium to oxidize to Put:.

Add T ml of 0.5M TTA-xylene solution and extract on a Vortex
mixer for 10 min.

Centrifuge for 2 min to separate the phases. Discard the
aqueous solution.

Scrub the TTA extract with 5 m1 of 1M HNO3. Centrifuge and
discard the aqueous phase.

Transfer the TTA to a stainless steel disk placed on a hot
plate set at 150°C. Allow the TTA to dry thoroughly.

Flame the stainless steel disk to a red heat.

Measure the alpha activities by pulsing with a silicon surface-
barrier coupled to a multichannel analyzer.

Calculations

ACM/DE , Bq/m3 ,

239y = BcM/DE , Bq/md ,

where
4 = net integrated counts of 238Pu from pulse analysis,
B = net integrated counts of 23%Pu from pulse analysis,
¢ = dis/min of 242Py added,
D = net integrated counts of 2%2Pu from pulse analysis,
E = volume of air, m3,
M = conversion factor to Bq; 1 Bq = 60 dis/min.
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9. Precision and Accuracy

The precisién is estimated to be *20%. The accuracy has not
been established.

Working Bibliography for Sect. 1.14

George H. Coleman, The Radiochemistry of Plutonium, National Academy
of Sciences — National Research Council, NAS-NS 3058, September 1,
1965.

John H. Harley (ed.), EML Procedures Manual, HASL-300, current.

Frederic B. Johns (ed.), Handbook of Radiochemical Analytical Methods,
EPA-680/4-75-001 (February 1975).
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.15 Radiochemical Method for Determining Uranium in Air Filters

(performed by Analytical Chemistry Division Laboratory)

Source: Envirommental and Effluent Analysis Manual,
Union Carbide, Nuclear Division

Scope and Application

This method is applicable to the determination of the
jsotopes of uranium in paper and Hollingsworth types of air
filters. .

Summary of Method

2.1 Uranium-232 tracer is added to the dissolved filter solution
and ‘equilibrated with the uranium in the sample. Plutonium
and thorium are separated by adsorption on anion exchange
resin under conditions that allow uranium to remain in the
effluent. Repeated liquid-liquid extractions with methyl
isobutyl ketone (hexone) are used to purify the uranium. The
final hexone extract is dried on a stainless steel plate, and
the determination of the uranium isotopes is made by alpha
spectrometric measurements using a silicon surface-barrier
detector to count the plate.

2.2 The lowest concentration reported is 1.48 x 10-3 Bg/total
(0.04 pCi/total). Typically for filters that have filtered
1 x 103 m3 of air, the lowest concentration reported then
is 1.48 x 10-6 Bq/m3® (4 x 10-3 pCi/m3).

Sample Handling and Preservation

Filters should be handled as little as poss1ble to avoid loss
of particulates and should be stored in plastic containers such as
polyethylene bags.

Interferences

4.1 TIron in concentrations of milligrams per gram of Samp1e tends
to follow uranium throughout the chemistry and causes serious
degradation of alpha measurements.

4.2 Uranium-234 cannot be distinguished easily from uran1um-233
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5. Apparatus
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5.10
5.11

Analytical balance

Muffle furnace

Hot plate

Centrifuge

Vortex mixer

Extraction vials, 50-ml with plastic-lined screw caps

Teflon beakers, 250-ml1 size

Transfer pipettes

Lab glassware

5.9.1 Beakers, 100-, 250-, and 600-mi

5.9.2 Centrifuge tubes, 50-ml glass

5.9.3 Glass ion-exchange column, 0.8 cm ID by 25 cm Tong,
fitted with a stopcock and reservoir

Stainless steel disks

Multichannel analyzer system with silicon surface-barrier

detector(s)

6. Reagents

6.1
6.2

6.3

6.4
6.5
6.6
6.7

6.8

Nitric acid (HNO3), concentrated

Nitric acid (HNO3), 8M: Add 500 ml of concd HNO; to 500 ml
of water.

Aluminum nitrate solution [AT1(NO3)3], 2.8M: Dissolve 1050
grams of aluminum nitrate nonahydrate [A1(NO3)3-9H,0] in a
minimum of water with heat. Cautiously add 100 ml of concd
ammonium hydroxide (NH,OH) with stirring. Continue heating
and stirring until all of the precipitate dissolves; dilute
to 1 Titer with water.

Sodium nitrite (NaNO,), crystals

Methyl isobutyl ketone (hexone)

Potassium bromate (KBrOj), crystals

Uranium-232 tracer solution: Dilute a stock solution of
uranium-232 to a concentration of 10 dis min-! mi-l.

Anion exchange resin: Dowex 1 x 4 (50-100 mesh, chloride
form) or equivalent
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6.9 Hydrogen peroxide (Hz0,), 30% solution

6.10 Hydrofluoric acid (HF), concentrated

Procedure

7.1 Meigh an aliquot of the filter(s) and place in an adequately
sized beaker. Relate weight to total sample to determine
air-flow volume.

7.2 Place the beaker and sample in a muffle furnace and set the
temperature to 210°C.

7.3 Carbonize the sample by allowing it to remain at 210°C for
8 h.

7.4 Raise the temperature of the furnace to 375°C and allow the
sample to ash at this temperature for 16 h; finally ash at
525°C for 24 h.

7.5 Transfer the ashed sample to a 250-m1 Teflon beaker.

7.6 Add 25 ml of concd HNO3; and 25 ml of concd HF.
NOTE — Paper filters may be completely soluble in HNOj3;
therefore, the addition of HF may be excluded, and the
procedure can be continued at step 7.14.

7.7 Place the sample on a hot plate and take to dryness.

7.8 Repeat steps 7.6 and 7.7 twice.

7.9 Add 15 ml of concd HNO; and take to dryness.

7.10 Repeat step 7.9 twice. ) _

7.11 Take up the residue in 25 ml of 8M HNO; and 3 to 5 ml of
H202.

7.12 Transfer the sample to the original ashing beaker.

7.13 Place the beaker on a hot plate and digest with the addition
of 30% Hy0, in 1-ml1 portions until the solution is clear.

7.14 Add 1.00 m1 of 10 dis min=! ml~! uranium-232 tracer solution.

7.15 Adjust the acidity to 8M HNO; by volume reduction and/or'the
addition of concd HNOj3.

7.16 Add 250 mg of NaNO, crystals; place on hot plate; bring to a

boil rapidly; immediately remove from heat and allow the sample
to digest for 20 min.
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7.17 While the sample is digesting, prepare a resin column as
follows.
7.17.1 Place a glass-wool plug in the bottom of the column
described in step 5.9.3.

7.17.2 Slurry the resin (see step 6.8) with water and immediately

discard the fines by decanting. Repeat as necessary
until fines are removed.

7.17.3 Transfer 4 ml of resin to the column with water.
Prevent any channeling by maintaining the solution
level above the resin by use of the stopcock.

7.17.4 Place a glass-wool plug on top of the resin.

7.17.5 Convert the resin to the nitrate form by passing
several column volumes of 8M HNO3 through the column
until the resin is free of chloride jons.

7.18 Transfer the sample solution, which should be at room
temperature, to the prepared resin column.

7.19 Place a 250-ml beaker beneath the column and allow the sample
solution to drain into the beaker at a flow rate of
2 ml/min.

7.20 Rinse the beaker with 25 ml of 8M HNO3 and transfer the
.rinse to the column.

7.21 Allow the rinse to drain into the beaker also.

7.22 Place the beaker containing the column effluent on a hot
plate and take to dryness.

7.23 Dissolve the residue in 10 m1 of A1(NO;)3 solution and
transfer to an extraction vial using a minimum of A1(NO3);
to rinse the beaker.

7.24 Add an equal volume of hexone and extract on a Vortex mixer
for 10 min. |

7.25 Centrifuge for 2 min to separate the phases and discard the
aqueous phase.

7.26 Add an equal volume of water and back-extract into the water
on a Vortex mixer for 10 min.

7.27 Centrifuge for 2 min to separate the phases.
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7.28
7.29
7.30

7.31
7.32
7.33

7.34
7.35

7.36
7.37

Transfer the aqueous phase to a 100-ml beaker.

Repeat steps 7.26, 7.27, and 7.28.

Place the beaker containing the water strip solution on a
hot plate and take to dryness.

Add enough 8M HNO3 to moisten the residue.

Add 10 to 20 mg of KBrOz crystals and digest for 10 min.
Dissolve and transfer the residue to an extraction‘vial with
5 ml of AT1(NO3)3 solution.

Repeat step 7.24 using 1 ml of hexone; repeat step 7.25.
Transfer the entire hexone extract by drops to a stainless
steel disk placed on a hot plate set at 100°C.

Flame the disk to a red heat.

Measure the uranium alpha activities by pulsing with a silicon
surface-barrier detector and multichannel analyzer.

8. Calculations

238y

AEM/DV, Bq/m3 ,

235y = BeM/DV, Bq/m3 ,

234y

CEM/DV, Bq/m3 ,

where

= net integrated counts of 238U from pulse analysis,
= net integrated counts of 235U from pulse analysis,
= net integrated counts of 23% from pulse analysis,
net integrated counts of 232U from pulse analysis,
= dis/min of 232U. tracer added,

= yolume of air, m3,

M = conversion factor to Bq; 1 Bq = 60 dis/min.

S O Q W
]

9. Precision and Accuracy

The precision is estimated to be +15%.
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fffl 1.16 Radiochemical Method for Determining Strontium in Air Filters
- (performed by Analytical Chemistry Division Laboratory)

Source: Envirommental and Effluent AnaY:ys'is Marnual,
Union Carbide, Nuclear Division

1. Scope and Applicaticn ’
This method is applicable to the determination of strontium-90

in paper and Hollingsworth types of air filters.

2. Summary of Method

2.1 Strontium carrier is equilibrated with the dissolved filter
solution; afterward, the strontium is separated from calcium
and magnesium by repeated nitrate precipitations. Additional
purification is made by removing rare earths and other radio-
nuclides by hydroxide scavenging and by removing barium and
radium as chromates. Strontium is finally precipitated as
the oxalate which is mounted for beta counting and counted

on a lTow-background beta’counter.
(:1" 2.2 The lowest concentration reported is 2 pCi/total. Typically,
- for filters that have filtered 1 x 103 m3 of air, the lowest
' concentration reported then is 7.4 x 10-5 Bq/m3 (0.002 pCi/m3).

3. Sample Handling and Preservation
Filters should be handled as 1ittle as possible to avoid loss
of particulates and should be stored in plastic containers such as
polyethylene bags.

4, Interferences
4.1 Strontium-89, when present in the sample, interferes with the
beta counting of strontium-90. The presence of strontium-89
can be ascertained by absorption studies; the interference

of strontium-89 can be circumvented by indirect determination
of strontium-90 via the yttrium-90 daughter after adequate
ingrowth. , .

4,2 Due to self-absorption, the counting efficiency varies with
the amounts of solids which are counted on the mounts.

- 1.16.1
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5.

6.

Apparatus

5.1 Lab glassware
5.1.1 Beakers, size adequate for sample
5.1.2 Centrifuge tubes, 50-m1 glass

5.2 Centrifuge

5.3 Hot plate

5.4 Ice bath

5.5 Filter paper, Whatman No. 541 (11-cm)

5.6 Filter paper, Whatman No. 1 (18-mm)

5.7 Analytical balance

5.8 Filter flask and funnel

5.9 Fritted-glass filter crucibles

5.10 Desiccator

5.11 Low-background beta counter

5.12 Muffle furnace

5.13 Teflon beakers, 250-ml

Reagents

6.1 Acetic acid, 6M: Add 340 ml of glacial acetic acid
(CH3COOH) to 500 ml1 of water and dilute to 1 liter with
water.

6.2 Ammonium acetate solution, 6M: Dissolve 462 g of ammonium
acetate (NH,C,H30,) in 500 ml of water and dilute to 1 liter
with water.

6.3 Sodium carbonate solution, 2M: Dissolve 248 g of sodium
carbonate monohydrate (Na,C03-H,0) in 700 ml of water and
dilute to 1 liter with water.

6.4 Ammonium oxalate solution, saturated: Add 200 g of ammonium
oxalate monohydrate [(NH,)5C50,+H,0] to 500 m1 of water in a
1-liter container; dilute to 1 liter with water; mix
thoroughly, and let stand overnight before using.

6.5 Sodium chromate solution, 1.5M: Dissolve 176 g of sodium

chromate quadrihydrate (Na,Cr0,-4H,0) in water and dilute to
500 m1 with water.
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(?3 ’ 6.6 Barium carrier solution, .10 mg Ba/ml: Dissolve 19.0 g of
e barium nitrate [Ba(NO3),] in water and dilute to 1 liter with
water.
6.7 Nitric acid (HNO3), fuming
6.8 Ferric nitrate solution, 0.1M: Dissolve 40.4 g of ferric
nitrate nonahydrate [Fe(NO3)3-9H,0] in water and dilute to
1 Titer with water.
6.9 Nitric acid, 6M: Add 375 ml of concd HNO3. to 500 ml of
water and dilute to 1 Titer with water.
.10 Acetone (C3Hg0)
.11 Hydrofluoric acid (HF), concentrated
.12 Ethyl :alcohol (CoHsOH), 95%
.13 Diethyl ether (C,Hs0C,Hs), anhydrous
.14 Ammonium hydroxide (NH,OH), concentrated
.15 Strontium carrier solution: Dissolve 27.3 g of strontium :
nitrate [Sr(NO3),] in a minimum of HNO3 and dilute to 1 Titer |
with water. f
(?:’ 6.15.1 Standardization of strontium carrier: Pipette °
- 5.00 ml of strontium carrier solution into a 100 mil ?
beaker and add 30 ml of water. Adjust the pH to 9 §
with concd NH,OH, add 10 m1 of saturated (NH,),C,0, 3’
solution, and heat to nearly boiling with stirring.
Cool to room temperature and quantitatively transfer !
the precipitate to a previously tared filter crucible I

Yy Oy Oy Oy O OV

with hot water. Wash the precipitate several times
with hot water, three times with 10-m1 portions of
ethyl alcohol, and two times with 10-ml portions of
diethyl ether. Desiccate the crucible and precipitate
under vacuum to a constant weight. The net weight of
the precipitate is the weight of strontium oxalate
monohydrate (SrC,04°H40) in 5.00 ml of the strontium
carrier solution.
6.16 Phenolphthalein indicator solution, 5%: Dissolve 5 g of
phenolphthalein (C5oH;,04) in 50 m1 of 95% ethyl alcohol and -
Qj~} dilute to 100 ml with water.

1.16.3
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Procedure

7.1

.10
.11

NN N NN
* & e
=}

~J

.12
7.13

7.14
7.15

7.16
7.17

Weigh an aliquot of the filter(s) and place in an adequately
sized beaker. Relate weight to total sample to determine air-
flow volume.

Place the beaker and sample in a muffle furnace and set the
temperature at 210°C.

Carbonize the sample by allowing it to remain at 210°C for

8 h. '

Raise the temperature of the furnace to 375°C and allow the
sample to ash at this temperature for 16 h; finally ash at
525°C for 24 h.

Transfer the ashed sample to a 250-m1 Teflon beaker.

Add 25 m1 of concd HNO3 and 25 ml of concd HF.

NOTE — Paper filters may be completely soluble in HNOj3;
therefore, the addition of HF may be excluded and the
procedure can be continued at step 7.14.

Place the sample on a hot plate and take to dryness.

Repeat steps 7.6 and 7.7 twice.

Add 15 ml of concd HNOs and take to dryness.

Repeat step 7.9 twice.

Take up the residue in 25 ml of 8M HNO3; and 3 to 5 ml of
30% Hy05.

Transfer the sample to the original ashing beaker.

Place the beaker on a hot plate and digest with the addition
of 30% Hy,0, in 1-ml portions until the solution is clear.
Add 1.00 ml of the standardized strontium carrier.

Reduce the volume to approximately 15 ml and transfer to

a 50-m1 centrifuge tube.

Add 25 to 30 m1 of fuming HNOj. )

Place the tube in an ice bath and stir the solution until
precipitation is complete.

Remove the tube from the ice bath and centrifuge at 1500 rpm
for 5 min. Decant the supernatant solution into a large volume
of water and discard. Drain the tube completely, leaving a

1.16.4 /
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7.19

7.20

7.21
7.22

7.23
7.24

7.25

7.26

7.27

7.28

7.29

7.30

7.31

7.32
7.33

minimum of HNO3, as a precaution against any adverse reaction
with the acetone wash which follows. -

Add 30 ml of acetone and wash the precipitate thoroughly

with stirring.

Centrifuge for 5 min at 1500 rpm and decant the acetone wash
solution into a clearly marked, organic-waste container.
Dissolve the precipitate in a minimum of water.

Repeat steps 7.16 through 7.20 starting with the addition of
fuming HNO3 in step 7.16."

Dissolve the precipitate in 10 ml of water.

Add two drops of phenolphthalein indicator solution and 0.5
ml of 0.1M Fe(NO3); solution.

Add concd NH,OH by drops with stirring until the phenolphthalein
end point is reached, then add five more drops. )
Centrifuge for 5 min at 1500 rpm.

Filter the supernatant solution through No. 541 filter paper
into another 50-m1 glass centrifuge tube; discard the
precipitate. Record the time at which the filtering is done
as the separation time of strontium-90 from yttrium-90. Wash
the filter with 3 ml of water. ‘
Neutralize the solution with 6M HNO3, then add 1 ml of 6M
acetic acid, 2 ml of 6M ammonium acetate, and 1 ml of

barium carrier.

Heat the solution to near boiling, then add 1.5M Na,CrOy
solution by drops with stirring to precipitate barium chromate
(BaCr04). Chill in an ice bath and stir to complete the
precipitation. Check for complete precipitation of barijum

by adding a few more drops of Na,CrO,.

Centrifuge for 5 min at 1500 rpm.

Filter the supernatant solution through No. 541 filter paper
into another 50-ml glass centrifuge tube and wash the filter
with 3 ml of water. Discard the precipitate. .
Add 2 ml1 of concd NH4,OH to the solution and heat to boiling.
Add 5 m1 of saturated (NH,),C,0, solution with stirring to
precipitate the SrC,0y4.
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7.34 Chill in an ice bath and continue to stir to complete the
precipitation.

7.35 Centrifuge for 5 min at 1500 rpm and discard the supernatant
solution. .

7.36 Place a tared, 18-mm filter paper in the filtering funnel
and wet with water using vacuum on the filtering flask.

7.37 Transfer the precipitate onto the filter with hot water; wash
with two 10-ml portions of hot water, three 5-ml portions of
95% ethyl alcohol, and two 5-ml portions of diethyl ether.

7.38 Weigh the filter paper and precipitate, determine the chemical
recovery, and mount for beta counting.

7.39 Count the sample mount without delay on a low-background beta
counter.,

8. Calculations

90Sy = 4BM/DV, Bq/m3 ,

where
A = net counts/minute of purified 920Sr,

B = efficiency factor for 29Sr, including self-absorption
correction,

D = fraction of strontium carrier recovered,
vV = volume of air, m3,
M = conversion factor to Bq; 1 Bq = 60 dis/min.

9. Precision and Accuracy
The precision at the 95% confidence level is #12%. The
method exhibits a negative bias of 5% when applied to controls
of known strontium-90 concentrations.
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1.17 Procedure for Monitoring Atmospheric Tritium

1. Introduction

In the atmosphere, tritium occurs primarily as water vapor (HTO) and-
as hydrogen gas (HT). To measure tritium in air (HTO and HT), one can use
an ionization chamber or a gas proportional counter with filtered air
introduced for internal counting. (The tritium betas produce ionization
within the sensitive chamber volume.) This method is sensitive to
tritium in all of its gaseous chemical forms. In another approach, HTO
vapor is removed from the air with a bubbler or with a dessicant such as
silca gel. The resuiting tritiated water can be counted using Tiquid
scintillation techniques. '

Because of its high sensitivity, the silica gel-liquid scinti1latf3n
method for HTO has been proposed as a standard method for the analysis
of tritium in the atmosphere. (A detection limit of 2 x 1075 pCi/emd is
reported.) The local air monitors (LAMs) contain a large air pump with
extra capacity to incorporate the tritium-silica gel sampling apparatus
as part of the station (Fig. 1.17-1). Presently, tritium monitors have
been installed at LAM stations 6, 7, and 8.

2. Principle of the Method

A 30.5-cm-long by 3.2-cm diam aluminum cylinder is filled with 180 g
of silica gel, which absorbs moisture up to 40% of its own weight. Air
is pumped at 125 cm3/min through the silica gel column (which collects
essentially all of the moisture). The air flow is regulated with a
needle value, and the flow rate is monitored with a flowmeter. A
continuous sample can be taken over a two-week period using the same
silica gel. ’ .

Following the sample collection, the silica gel is heated in a
distillation flask to remove the moisture. (Fig. 1.17-2). The distillate
is counted in a 1liquid scintillation counter, and the concentration of
HTO in the air is calculated.
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Apparatus

3.1 Liquid scintillation beta counter
The Bioassay Group of IS&AHP counts the distillate using a Packard
Tri-Carb Tiquid scintillation counting system.

3.2 Aluminum cylinders, 30.5-cm long by 3.2-cm diam; 6-16 mesh
nonindicating silica gel '

A 10-cm-long by 3.2-cm-diam clear plastic cylinder is filled with
indicating silica gel (which indicates moisture by changing color)
and installed downstream from the main cylinder. The indicating
gel ensures that the sampling period was not long enough to
saturate the silica gel.

3.3 Low-volume air pump, flow regulator, and flow rate indicator

3.4 Distillation flask and condenser

3.5 Miscellaneous apparatus such as counting vials, rubber stoppers,
tubing, graduated cylinder, beakers, glass wool, heater for
flask, and thermometer

3.6 Scintillation solution

Procedure

4.1 Fil1l the 30.5-cm aluminum cylinder with 180 g of nonindicating
silica gel. Seal ends with wads of glass wood and No. 7 stoppers.

4.2 Remove stoppers at field sampling location. Insert one-hole
stoppers in cylinder ends and connect tubing to air pump sampling
system.

4.3 Insert indicating silica gel cylinder in-line between the collec-
tion cylinder and air pump.

4.4 Following sample cd]]ection, remove nonindicating silica gel
cylinder and seal ends with No. 7 rubber stoppers for transport
to the laboratory.

4.5 Pour silica gel into a 500-m1 distillation flask.

4.6 Heat at 300°F until all moisture is removed (approximately

three h).

1.17.4



(~» f 4.7 Measure the total moisture collected and seal the sample in a

bottle labeled with the sample identification and quantity (m1)
of moisture collected. Complete a Request for Control Analysis

Card and submit sample to the Bioassay Group of the IS&AHP Division

for analysis. The Bioassay Group will provide the data on
the sample and the counting system parameters necessary for
calculating the HTO.

5. Calculations

5.1

5.2

5.3

Efficiency

m
1}

counting efficiency,

S = counts per min of standard (in scintillation solution),

B = background counts per min of distilled water (in
scintillation solution),

D = dis/min of standard.

Tritium concentration of the moisture

CS -B
CM(Bq/ml1) = VK

where
CM = concentration of tritium in collected moisture (Bq/ml)
Cs.= gross sample counts per min (i.e., sumnmation of sample
counts and background)
V = volume (m1) of sample counted

K = 60 (to convert dis/min to Bg).

The concentration of tritium oxide in air is calculated as follows,
if silica gel (having 100% collection efficiency) is used and the

flow rate is known.
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CA(Bq/cnd) = {CML0)

where
CA = concentration of tritium oxide in air (Bg/cm3),
F = flow rate (cm3/min),
t = sampling time (min),
W = total volume of water collected (ml).

Working Bibliography for Sect. 1.17
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Las Vegas.
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1.18 Air Quality Determinations Using High-Volume
Air Samplers

Introduction

High volume air sampling is the reference method for measuring
particulate matter in ambient air. ‘The following procedure
describes the methodo1ogy of high volume air sampling, including
system calibration, sampling technique, sample analysis, and
calculations,

Calibration

2.1 The high volume air sampling stations (Fig. 1.18-1) at ORNL were
calibrated at the time they were put into service, but this cali-
bration should be verified once every 6 months and after in-
stallation of new brushes in the sampler motor. This procedure
will be performed by the Instrumentation and Controls Division
as follows. )

2.1.1 Check the variac output voltage with an appropriate
instrument. If significant departure from 90 V is
observed, reset the variac such that 90 V will be
delivered to the sampler motor. This operating
voltage will greatly extend both motor and brush life.

2.1.2 Remove the faceplate of the filter holder and replace
it with the calibration adapter plate. Attach the
calibration orifice to the calibration adapter plate.

2.1.3 Connect the pressure recorder to the pressure tap on
the side of the motor/blower unit. Install a clean
recorder chart. _

2.1.4° Connect the water manometer to the pressure tap of the
calibration orifice.

2.1.5 Turn the sampler on and a116w to run for five min.

2.1.6 Read the differential pressure as indicated by the
manometer and record it on the data sheet in the column
Tabeled "True H,0."
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2.1.7

2.1.8
2.1.9

2.1.10

2.1.11

2.1.12

2.1.13

2.1.14

Convert the differential pressure measurement to cubic.
feet per minute (cfm) using the calibration curve
supplied with the calibration orifice. '
Record cfm on the data sheet in the appropriate column.
Record the recorder chart deflection on the data sheet
in the column labeled "Indicated.” '
Remove fhe calibration orifice from the adapter plate,
insert the No. 18 resistance plate, then reattach the
calibration orifice to the adapter plate.

Repeat steps 2.1.6 through 2.1.10 using the remaining
four resistance plates.

Using the data obtained above, plot a calibration curve
of cfm versus the recorder deflection (Fig. 1.18-2).
This new calibration curve may now be used as a direct
reference for obtaining volumetric flow rates as a
function of recorder deflection.

Repeat entire procedure for all sampling stations once
every 6 months, directly after installation of new
motor brushes, and at any time deemed necessary by
extenuating c%rcumstances.

3. Filter Preparation

3.1 Expose each filter to a 1ight source (e.g., the type used to
view x-ray films) and inspect for pinholes, particles, or
other imperfections. Particles may be removed with a small

brush.

3.2 Place the inspected filter in a vacuum desiccator which contains

Filters with visible imperfections should not be used.

a suitable amount of desiccant (e.g., Drierite or silica gel).
Evacuate the desiccator (1ab vacuum is sufficient) and allow
the filter to equilibrate for 24 h.

3.3 Weigh the filter to the nearest tenth of a milligram (0.0001 g);

record the tare weight and filter identification number in a..
suitable 1og book. Do not bend or fold the filter prior to
sample collection.

1.18.3
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HIGH VOLUME AIR SAMPLER CALIBRATION Unit No.:
Date: By: Plate Indicated True Actual
“Ho0 cfm
Temp.: 60°F At. Press: NONE 83.5 10.34 56.3
28.55" H20 18 54,7 7.66 47.6
Remarks:
13 514 6.59 44.3
10 47.1 5,12 39.8
40.1 3.51 334
33.2 2,22
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P 3.4 The filter is now ready for sample collection. Exercise
caution during transportation to sampling site to avoid damage
to the filter.

Vs
?

4, Sample Collection
4.1 Open the shelter, loosen the wing nuts, and remove the face-
plate from the filter holder. Wipe any dirt accumulation from
around the filter holder with a clean cloth. Install a
numbered, preweighed filter in position (rough side up),
replace the faceplate without disturbing the filter, and
fasten securely. Close the roof of the shelter.
4.2 Prepare the circular chart recorder as follows.
4.2.1 If a used chart is present, remove it carefully and
transport it back to ORNL for later analysis.
4.2.2 Record the sampling date, start and stop set times,
and the filter identification number on the back of
- the new chart prior to installation.
<i,; 4.2.3 Clean any excess ink and moisture on the inside of
' recorder by wiping with a clean cloth.

4.2.4 Depress pen arm lifter to raise pen point and carefully
insert a fresh chart in the recorder.

4.2.5 Carefully align the center tab of the chart to the
drive hub of the recorder and press gently with thumb
to Tower chart center onto hub. Make sure chart is
placed under the chart guide clip and the time index
clip so it will rotate freely without binding.

4.2.6 With the pen arm 1ifter depressed, fill pen point

© reservoir with the ink provided. Place ink bottle
nipple squarely against pen point reservoir and squeeze
- gently. Release pen arm lTifter and let the pen point
fall to the fresh chart. Move the pen arm laterally a
few times to make sure the pen point will ink during.

the sampling period.

1.18.5
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4.3

4.4

4.5

4.6

4.7

NOTE: On recorders supplied with a felt tip pen
cartridge, make sure that the pen point rests
on the chart with sufficient pressure to make
a visible trace.

Set the timer in the shelter so the sampler will turn on and

off at the predetermined times as follows:

4.3.1 To set the "on" time, place an "A" (bright) tripper

‘ on the dial face.

4.3.2 To set the "off" time, place a "B" (dark) tripper on
the dial face.

4.3.3 Trippers must be tight against dial rim. Tighten
tripper screws with fingers only.

4.3.4 To set time, grasp dial and rotate clockwise only
until correct day and time of day appear at time
pointer.

Manually trip time switch on to determine if sampler is

operating properly and the recorder inking correctly.

When it has been determined that the unit is operating

properly, turn unit off, reset timer, close timer door,

close recorder door, and close shelter door being careful

not to pinch the recorder tubing.

After the sample is complete, remove the faceplate as described

above and carefully remove the filter from the holder, touching

only the outer edges. Fold the filter lengthwise so that only
surfaces with collected particu]ates are in contact and

place in a suitable container for transport (such as a manila

folder).  If the sample is defective, void it at this time.

Record the average barometric pressure (mm Hg) and average

temperature (°C) for the day of each sample in the Tog book.

This information is available at the East Portal in the Shift

Supervisors' Office.
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Sample Analysis

5.1
5.2

5.3

5.4

Prepare the filter by equilibration in the vacuum desiccator
(as described earlier) for 24 h.

After desiccation, weigh the filter to the nearest tenth of

a milligram and record this value in the log book.

After weighing, the filter may be disposed of, stored as a
permanent record, or submitted for further analysis (e.g.,
neutron activation).

Information in the log book, on the circular chart, and later
in this procedure may now be used to calculate the mass
concentration of suspended particulates (SP).

NOTE: Multiple filters may be prepared and/or analyzed at
the same time, but care must be taken to weigh the
filters immediately after removal from the desiccator.
The ¢ollected particulate and, to a certain extent, the
filter itself may absorb moisture-from the air. There-
fore, extended periods of exposure to air between

dessication and weighing may lead to inaccurate results.

6. Calculation Procedure

6.1

[ S LA 11 - e vl Rt g .. 2 e S T R S e ey e m B, T, wAer e A T K e oy

Calculation of sample volume

6.1.1 Method A. If the sampling rate does not vary more
than 0.11 m3/min (4 ft3/min), the average sampling
rate may be determined by estimating the average
value of the deflection on the circular chart for the
sampling period and reading the sampling rate
corresponding to that deflection from the calibration
curve for that unit. The volume of air samples at
calibration conditions is calculated by the following
equation.

=QxT (1)
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6.1.2

where

VC = total volume of air sampled at calibration
conditions (m3),
Q = average sampling rate (m3/min),
T = sampling time (min).

Method B. If the sampling rate varies more than
0.11 m3/min (4 ft3/min), the average sampling rate
may be obtained by reading the deflection of the
circular chart at 2-h intervals for the sampling
period and reading the sampling rates corresponding
to these deflections off the calibration curve for
that unit. The average sampling rate is calculated
by:

n
Q.

0 = j=1 ! ’

: n
where

Q = average sampling rate (m3/min),

Qi = sampling rate for the ith 2-h interval

(m3/min), .
n = number of 2-h intervals.

The volume of air sampled may now be calculated by
Equation (1) above.

Method C: After a new filter has been installed

in the station, connect a slack tube differential
manometer to the differential pressure tap on the
sampler motor. Allow motor to run 5 min, then record
the reading of the manometer (see instructions for mano-
meter operation). Repeat this procedure at the end

of the sampling period and convert these two mano-
‘meter readings to sampling rates using the appropriate'
calibration curve. The average sampling rate may now
be calculated by:
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6.2

6.3

2 H]
where
Q = average sampling rate (m3/min),
Q; = initial sampling rate (m3/min),
Q, = final sampling rate (m®/min).

The volume of air sampied may now be calculated by
Eq. (1) above.

Pressure and temperature corrections

The total volume of air sampled, V, was determined at
calibration temperature and pressure conditions. To convert

V to the actual volume of air sampled, corrections for ambient
temperature and pressure must be made. The actual volume of
air sampled may now be calculated by:

Pl ‘Tz 1/2
Vactual = Vc T1+Ps ?
where
Vc = volume of air sampled at calibration conditions
(m3;; (this is the volume calculated in step
6.1),
v

actual = zo;gme of air sampled at ambient conditions
m3), .
T, = average ambient temperature ( K) = °C + 273
(°C average for the day),

P, = average ambient pressure (mm Hg); obtained from
Shift Supervisor's office),

P, = calibration pressure (mm Hg),
T, = calibration temperature (K).

Mass concentration of suspended particulates

Calculate the mass concentration of suspended particulates by
the following formula:

1.18.9
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(W - W) x 106
sp = L : (5)
actual

where

(72]
o
[

= mass concentration of suspended particulates
(ug/m3),

W = final weight of filter (g),
Wi = initial weight of filter (g),
- - Y 3 ) 3
Vactual volume of air sampled at ambient conditions (mi).

6.4 Record the actual volume of air sampled, V. The sampling
time, T, and the mass concentration of suspended particulates,
SP, in a suitable log book and report the results.

NOTE: To convert flowmeter readings to cubic meters (m3) for
the above calculations, divide the number of cubic
feet (ft3) by 35.314. ") :

5 _ _ft3
M= = 35,374

or

ft3/min
35,314 °*

m3/min

Working Bibliography for Sect. 1.18
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(o 2. TERRESTRIAL SAMPLING
Soil and grass samples are collected annually at the PAM and RAM _
" stations. The grass and soil samples are analyzed for uranium, plutonium,
and other radioigptopes using gamma spectroscopy and radiochemical
techniques. Various other soil, sediment, and vegetation samples are
taken in the environs of Qak Ridge National Laboratory when necessary.

-
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2.1 Procedure for the Collection and Preparation of Soil
and Grass Samples for Assaying

Soil samples are taken annually at the PAM and RAM stations and
when necessary at other designated areas.

Approximately 15 m from the air monitoring station, four 0.2-m?
areas are chosen at 90° from each other, along with an area close to
the station (Fig. 2.1-1). The grass is cut from each area and combined
in a plastic bag. The plastic bag is labeled with the sample's name,
date, and location of the air monitoring station. Two soil samples are
collected from each area with a circular cutter, 10.5 cm in diameter and
adjustable to a depth of 2.5 cm; only the top 2 cm of soil is taken.

The soil samples are combined in a plastic bag and labeled with the
sample's name, date, and the location of the air-monitoring station.

In the laboratory, the grass sample is finely cut with electric
grass cutters, weighed, and dried in an oven for 24 .h (or until dry) at
105°C. The grass is reweighed, and the weight of the moisture content
is determined. The sample is placed in a Marinelli beaker and delivered
to the Analytical Chemistry Division for gamma-spectrometric analysis.

The moisture content of the soil is determined by weighing the sample
before and after drying in an oven at 105°C for 24 h. The soil sample is
transferred to a blotter box and labeled with the sample's name, date,
and the location of the air monitoring station. The soil sample is
taken to the grinding room and ground to a fine mesh of 500 um and less
in diameter (Fig. 2.1-2). The following procedure should be followed when
grinding soil sampies. ‘

1. The following clothing and safety devices should be worn while
inside the grinding room:

1.1 Shoe covers
1.2 Gloves

1.3 Lab coat

1.4 Respirator

1.5 Safety glasses

2.1.1
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Clean the grinding machine (shown in Fig. 2.1-3) before grinding the
soil samples. Open the casing of the machine and inspect

the grinder and collection tray for soil particles. It is important

_that the machine be completely clean to prevent contamination. The
machine should be cleaned by using the following procedures.

2.1 Turn on the ventilation system in the hood.

2.2 Use a wire brush and a paint brush to remove all particles
from the grinder plates and inside walls of the casing. Brush
all particles into the collection tray and discard. Use the
vacuum hose to clean all remaining particles from the grinder

- wheels, the inside and outside walls of the casing, and the
collection tray.

2.3 Close the grinder casing and run finely meshed, activity-

free, dry sand through the port. This will help loosen hard-
to-remove particles.

2.4 Clean the grinder once again. Also clean the paint and wire
brushes thoroughly before using again.

Using hooded area, crush all the soil manually inside the blotter
paper box. Soil which cannot be crushed will be ground in the
machine.

Start the machine and slowly feed the soil through the port.

Periodically, empty the collection tray containing the ground sample
into a clean plastic bag that has been labeled. Remove grass and
roots from collection tray and combine with ground grass sample.

Clean machine as described previously. Discard excess soil and
grass particles into their respective plastic bags.

Shake the bag vigorously to ensure mixing of the soil and run soil
through the grinder again.

Discard the soil into the labeled plastic bag. Open the casing,
clean the machine thoroughly, and DISCARD EXCESS PARTICLES.

Mix the finely meshed soil by shaking the bag vigorously.

2.1.4
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10.

11.

12.
13.

Once packaged, the vial is labeled with the location of sample, date
the sample was taken, and date the sample was ground. Clean the
outside of the vial with the air hose. The packaged sample is
delivered to the Analytical Chemistry Division for gamma-spectrometric
analysis. ’

Transfer all the remaining soil sample into a smaller, clean plastic
bag and Tabel as in step 10. This sample is stored for future
reference.

Discard the blotter paper box and old plastic bag.

Thoroughly clean the contaminated area. Turn off the ventilation
in the hood. Discard gloves, shoe overalls, and respirator (if
disposable type).
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2.2 Grass Sample Analysis — High-Resolution
Gamma-Ray Spectroscopic Method

Annual samples of grass from perimeter and remote air monitoring
(PAM and RAM) stations are collected and processed according to the pro-
cedure outlined in Sect. 2.1.

1. Sample Prebération

To retain volatile radionuclides in grass, éamp]es are prepared
with a minimum of handling. Cordless electric trimming shears are
used to cut the grass blades into segments of 2 to 3 cm and placed
directly into a 1-1iter Marinelli beaker. Sufficient grass is cut
to fill .the beaker to the 900-ml mark by hand compression. The net
weight of "wet" grass is determined to the nearest 0.1 g. The 1id
is placed on the Marinelli beaker and the entire package is placed
into a loose-fitting polyethylene bag for contamination controtl.

2. Gamma-Ray Spectrometry

The reentrant well in the bottom of the Marinelli beaker is
fitted over the end cap of a high-resolution germanium-1ithium
detector of at least 20% efficiency relative to 1.33 MeV gamma rays
on a 7.6- by 7.6-cm NaI(T1) detector at 25 cm. The detector should
have low background and a resolutijon value of 2.1 keV (or less)
full width at half maximum at 1.33 MeV. Spectral data from the
detector should be accumulated with at least 2048 channels in a
computer-based pulse~-height analyzer system. Counting periods of
10,000 to 50,000 s should be employed. Data processing of the
gamma-ray spectral information should be performed with a suitable
‘on- or off-Tine peak search program.

In the present laboratory arrangement, a Nuclear Data, Inc.,

. Model 4420 (ND 4420) computer-analyzer system is used. At the con-
clusion of the preset counting interval, the gamma-ray spectrum is
written onto compatible magnetic tape for IBM 360 processing by means
of program MONSTR (see Sect. 2.4). In addition, the operating
software (1076-02) of the ND 4420 is used to perform a peak

2.2.1
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extraction step yielding net area and energy of the prominent gamma .E>
rays in an on-line mode.

Calibration

A calibration standard is prepared by diluting a mixed radio-
nuclide solution standard (U.S. National Bureau of Standards or
Amersham-Searle, Inc.) in a suitable quantity to fill a 1-liter
Marinelli beaker to the 900-m1 level. The calibration standard is
analyzed in exactly the same manner as the grass samples, yielding a
spectrum of gamma-ray energies covering the energy range from 800 to
2000 keV. From the measured counting rates and the certified emission
rates, an efficiency curve is constructed. Such a curve consists
of a logarithmic plot of efficiency (counts per second divided by
emitted gamma rays per second) versus log energy (MeV). The graphic
representation may be used directly for determining the efficiency
for a given gamma-ray energy, or digital data may be used in deter-
mining a quadrate or high-order mathematical expression relating
efficiency and energy in applications of program MONSTR. jj) )

Data Interpretation

Output from program MONSTR should be carefully reviewed and
reported based on expected nuclides from previous experiences. In
general, grass samples will normally contain beryllium-7, potassium-40,
and cesium-137. Other radionuclides may be present at times of
global fallout precipitation. Potassium results should be reported
only after correction for the 1.46 MeV background contribution.

After completion of the gamma-ray spectrum determination, the
grass sample is returned to the Department of Environmental
Management for determination of the oven-dried weight. Final
compliance results are tabulated in units of becquerels or picocuries
per gram of oven-dried material.

Quality Control

A known standard long-Tived radionuclide source should be pro-
cessed in the counting system on a regular basis for quality control S~
of the spectrometer system. Currently, this practice consists of *ﬁ;b
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analyzing a radium-226 standard every 2 or 3 days or every 30th
spectra, whichever occurs first. The data are processed through the
entire system and selected from program MONSTR output in exactly the
same fashion as are the unknown samples. The radium-226 content is
recorded in a quality control notebook. Deviations greater than

+2% from the label value of standard are reported to the laboratory

supervisor for corrective action.
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2.3 Soil Sample Analysis — High-Resolution
Gamma-Ray Spectroscopic Method

Annual soil samples from perimeter and remote stations are

"collected and processed according to the procedure outlined in Sect. 2.1.

Sample Preparation

A suitable aliquot of the homogenized soil sample is taken to
evenly fill a plastic petri dish of 7.0 ¢m diam and 1.6 cm height.
The volume of such a container is about 6.2 cm3. Nominal soil
densities result in sample weights of 70 g, but variations from
50 to 100 g are not uncommon. The net weight of the sample is
determined to the nearest 0.1 g. One turn of plastic electrical
tape is placed around the edge of the dish to prevent spillage of
the contents. The petri dish is placed in a thin polyethylene
freezer bag for contamination control before the spectroscopic -
measurement.

Gamma-Ray Spectrometry

The counting sample is placed directly on the end cap of a
high-resolution germanium-1lithium detector (Fig. 2.3-1) that is
described in of Sect. 2.2 "Gamma-Ray Spectrometry.”

Calibration

A calibration standard consisting of 70 g of New Brunswick
Laboratory's uranium standard 42-4 (containing 0.52% for background
contributions) is used. Global fallout nuclides (such as cesium-137
antimony-125, and cerium-144) are usually the only fission product
nuclides present in most samples.

Quality Controi

See Sect. 2.2 "Quality Control."
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2.4 A General Discussion of the MONSTR Program for Deterﬁ;ning
Radionuclides with a Germanium-Lithium Detector

MONSTR is a computer program used for the resolution and isotopic
identification of any gamma-ray spectra developed by germanium-T1ithium
detection techniques. This includes assaying of low-level environmental
samples (which is of primary importance in this manual), as well as
neutron-activation and other types of analysis. At ORNL, program MONSTR
has been implemented on the IBM 360, DEC 10, and PDP 15 computers.

In the MONSTR program, the accumulated photon spectrum is scanned
and each peak's centroid located. (A maximum of 200 photopeaks may be
stored for a single spectrum in the IBM 360 computer.) The program then
determines peak interferences (such as multiplets), which are defined as
two (or more) peaks less than four times full width half maximum in
distance apart. A least-squares Gaussian fit, using an iterative
technique, is performed on each peak in the spectrum. In cases where
interference peaks occur, fitting is accomplished over the entire range
rather than for each peak. This method allows for a better fit of the
individual peaks in the multiplet. This fitting technique usually
converges in four or five iterations. After converging, calculation of
each peak's centroid, total area (and error on the area), and full width
half maximum is accomplished. The MONSTR program uses an energy calibra-
tion curve to determine both the energy and photon disintegration rate
for each peak in the spectrum.

The MONSTR program also may be used to identify those radionuclides

present (as many as 100 in the IBM 360 computer) in the gamma-ray spectrum.

This is accomplished by comparing the individual photopeaks in the
sample spectrum with a nuclear data file which contains information on
700 radionuclides and 2500 gamma rays. If the candidate selected for
comparison satisfies several tests, it is placed on a 1list of identified
nuclides. One of these tests demands that the peak energy of the candi-
date must fall within a preselected value of the energies listed in the
nuclear data file to qualify as a possible identified radionuclide. It.
must-also pass the other sequential tests before resolving that it is a
specifically identifiad radionuclide. Those candidates that do not pass

~
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all of the tests are listed in an unidentified radionuclide table.

After the candidate list has been exhausted, the disintegration rate and
concentration in microcuries (becquerels) for each isotope are computed.
When the isotope has two or more gamma rays associated with it, the
average and percentage standard deviation is tabulated. A maximum of
five gamma rays may be used for this computation.

Other options are also available with the MONSTR program. A LIMIT
command allows for the determination of the minimum detectable activity
of preselected radionuclides, even if the radionuclides are not present
in the sample. Also, STRIP and PLOT commands are available which perform
the tasks implied by their names. The reader is strongly encouraged to
review the bibliography listed below for detailed discussion of the
MONSTR program.

Working Bibliography for Sect. 2.4

L )
J. F. Emery and F. F. Dyer, "Multielemental Determination in Environmental

NAA Using MONSTR," Proceedings of the Second International Conference

on Nuclear Methods in Environmental Research, CONF-740701, p. 123, July

1974.

RSIC Data Library Collection, DECAYGAM: Radionuclide Gamma-Ray Energy
and Intensity Compilation, ORNL-DLC-19.
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2.5 Radiochemical Method for Determining Plutonium
in Soil and Sediments -~

(performed by Analytical Chemistry Division Laboratory)

Source: Environmental and Effiluent Analysis Manual,

Union Carbide, Nuclear Division

Scope and Application

This method is applicable to the determination of plutonium in

soils and sediments.

Summary of Method

2.1

2.2

A known quantity of plutonium-242 tracer, which is used as an

internal standard, is added to the sample leached by hot

nitric acid and hot nitric acid-hydrogen peroxide. Plutonium
is adjusted to Pu**, adsorbed on anion exchange resin, reduced
to Pu*3, and selectively eluted from the resin. Subsequently,
plutonium is carried on praseodymium hydroxide, dissolved and
oxidized to Put*, and extracted with thenoyltrifluoroacetone-
xylene. The organic extract is evaporated on a stainless

steel disk, and the plutonium is determined by alpha spectrometry.

The lowest reported concentration is 1.48 x 10-* Bq/g
(4 x 10-3 pCi/g) for 10-g samples.

Sample Handling and Preservation

3.1 The samples are oven dried at 105°C to a constant weight,
pulverized, and screened to 100-mesh particle size.

3.2 The dried and screened sample material is stored in airtight
glass or plastic containers.

Interferences

4.1 Samples that are of a refractory nature, such as test-site
materials, are not apt to release plutonium in the leaching
process; therefore, more rigorous treatment is recommended for
decomposition of these samples.

4.2 Plutonium-240 cannot be distinguished from plutonium-239 by

alpha pulse-height analysis; however, alpha pulse-height
analysis eliminates most other alpha interferences.

2.5.1
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5.

Apparatus

5.1 Drying oven

5.2 Mufflie furnace

5.3 Hot plate with magnetic stirrer

5.4 Centrifuge

5.5 Vortex mixer

5.6 Extraction vials, 50-ml with plastic-lined screw caps

5.7 Screens, 40- and 100-mesh

5.8 Transfer pipettes

5.9 Lab glassware
5.9.1 Beakers, 250-m1 size and 500-m1 tall-form
5.9.2 Centrifuge tubes, 50-ml1 glass and 100-m1 plastic
5.9.3 Glass jon-exchange column, 8 mm ID by 25 cm long, fitted

with a stopcock and reservoir

5.10 Stainless steel disks

5.11 Multichannel analyzer system with silicon surface-barrier
detector(s)

5.12 Analytical balance

5.13 Magnetic stirring bar, Teflon coated, 3.8 cm (1.5 in.) Tong

Reagents

6.1 Nitric acid (HNO3), concentrated

6.2 Nitric acid (HNOj3), 8M: Add 500 ml of concd HNO3 to 500 m1 of
water.

6.3 Ammonium hydroxide (NH,OH), concentrated

6.4 Plutonium-242 tracer solution: Dilute an NBS-certified (or
equivalent) solution of plutonium-242 to a concentration of
10 dis min™! m1=! with 2M HNO; and store in glass.

6.5 Nitric acid (HNO3), TM: Add 62.5 ml of concd HNOs to 500 mi
of water and dilute to 1 Titer with water.

6.6 Sodium nitrite (NaNO,), crystals

6.7 NaNO, solution, 3M: Dissolve 10.4 g of NaNO, in water and dilute

to 50 ml with water. Make fresh daily.
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Thenoyltrifluoroacetone (TTA)-xylene solution, 0.5M TTA:

6.8
Dissolve 111 g of SCyH3COCH,COCF; (TTA) in xylene and dilute
to 1 Titer with xylene.

6.9 Ferric nitrate solution, 0.1M: Dissolve 40.4 g of ferric
nitrate nonahydrate [Fe(NO3)3+9H,0] in water and dilute to
1 Titer with water.

6.10 Hydroxylamine-hydrochloride solution, 5M: Dissolve 347.5 g of
hydroxylamine hydrochloride (NH,OH-HC1) in water and dilute
to 1 Titer with water.

6.11 Hydrochloric acid-hydroxylamine hydrochloride solution, 0.5M
HC1-0.05M NH,OH-HC1: Add 42 ml of concd HC1 and 10 ml of 5M
NH,OH-HC1 to 500 ml1 of water and dilute to 1 Titer with water.

6.12 Hydrochloric acid (HC1), concentrated

6.13 Praseodymium carrier solution: Dissolve 12.82 g of praseodynium
nitrate dihydrate.[Pr(N03);<2H,0] in 500 ml of water and dilute
to 1 Titer with water.

6.14 Anion exchange resin: Dowex 1-X4 (50-100 mesh, chloride form)
or equivalent

6.15 Hydrochloric acid (HC1), 8M: Add 666 ml of concd HC1 to 334 ml
of water.

6.16 Hydrogen peroxide (H,0,), 30% solution

Procedure

7.1 Transfer a measured weight (5 to 10 g) of the 100-mesh sample to
a 500-m1 tall-form beaker. If the sample shows signs of con-
taining organic matter, ash in a muffle furnace at 500°C for
several hours before continuing.

7.2 Slowly add 50 to 75 ml of 8M HNO;-and allow sufficient time for
any foaming to subside.

7.3 Add 1 ml of 10 dis min~! m1-1 plutoﬁium-242 tracer solution.

7.4 Carefully introduce the magnetic stirring bar, place the beaker
on the hot plate, and digest the sample with stirring at 90 to
95°C for 1 h. ‘

7.5 Remove the beaker from the hot plate and transfer the sample

solution to a 100-m1 plastic centrifuge tube.
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Centrifuge for 10 min at 1500 rpm.

Decant the supernatant liquid into a 250-m1 beaker and
retain.

L

Rinse the residue from the centrifuge tube into the original
500-m1 beaker with 50 to 75 m1 of 8M HNO,.

Return the beaker to the hot plate at 90 to 95°C. Digest the
sample, adding a few drops of 30% H,0, intermittently for a
total of 5 to 10 m1, while stirring for 1 h.

Repeat steps 7.5 through 7.7.

Repeat step 7.8 using 25 m1 of 1M HNOj.

Repeat steps 7.9 and 7.10 and discard the residue.

Add 250 mg of NaNO, crystals to the 250-ml beaker, place on a
hot plate, bring to a boil rapidly, immediately remove from
heat, and allow the sample to digest for 20 min to adjust the
valence of plutonium to Putt.

While the sample is digesting, prepare a resin column as
follows:

7.14.1 Place a glass-wool plug in the bottom of the column ;D )

described in step 5.9.3.

7.14.2 Slurry the resin (see step 6.14) with water and
immediately discard the fines by decanting. Repeat as
necessary until fines aré removed.

7.14.3 Transfer 4 ml of resin to the column with water. Prevent
any channeling by maintaining the solution level above
the resin in the stopcock.

7.14.4 Place a glass-wool plug on top of the resin.

7.14.5 Convert the resin to the nitrate form by passing several
column volumes of 8M HNO; through the column until the
resin is free of chloride jons.

7.15 Transfer the sample solution, which should be at room tempera-

ture, to the prepared resin column and allow it to flow through

the column at a rate of 2 ml/min. Discard the effluent
solution.
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7.16 Rinse the beaker with 25 m1 of 8M HNO3 and transfer the rinse to
the column. Allow the 8M HNO; rinse to flow through the column
at a rate of 2 ml/min. Discard the effluent solution.

7.17 Rinse the beaker with 25 ml of 8M HC1 and transfer the rinse
to the column. Allow the 8M HC1 rinse to flow through the
,column at a rate of 2 ml/min. Discard the effluent solution.

7.18 Add one drop of 0.1M Fe(NO3)3 and 1 ml of 5M NH,OH-HC1 to the
column. Open the stopcock and allow the solution to drain to
the top of the resin bed, then stop the flow. Discard the
effluent solution.

7.19 Add 4 m1 of 0.5M HC1-0.05M NH,OH-HC1 solution. Place a 50-ml
glass centrifuge tube under the column. Allow 3 ml of solution
to drain into the tube and close the stopcock.

7.20 Allow 20 min digestion time for reduction of the plutonium to
Put3,

7.21 Add 25 m1 of 0.5M HC1-0.05M NH,OH-HC1 solution. Pass the solu-
tion through the column at a flow rate of 2 mi/min into the
50-m1 tube. .

7.22 Add 1 ml of praseodymium carrier to the sample solution in the
50-m1 tube and mix thoroughly.

7.23 Add concd NH,OH and adjust to pH of 9 while stirring. Allow
15 min digestion time.

7.24 Centrifuge for 10 min at 1500 rpm and discard the supernatant
solution. §

7.25 Wash the precipitate with water, centrifuge, and discard the
water wash solution.

7.26 Dissolve the precipitate in six drops of concd HNO; and transfer
the dissolved sample to a 50-ml extraction vial with 5 ml of ™
HNO3. Add ten drops of 3M NaNO,, mix well, and allow 20 min
digestion time for plutonium to oxidize to Puth.

7.27 Add 1 ml of 0.5M TTA-xylene solution and extract on a Vortex
mixer for 10 min. )

7.28 Centrifuge for 2 min to separate the phases. Discard the
aqueous phase. )
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7.29 Scrub the TTA extract with 5 ml of 1M HNO3. Centrifuge and
discard the aqueous phase.

7.30 Transfer the TTA to a stainless steel disk and place on a hot
plate set at 150°C. Allow the TTA to dry thoroughly.

7.31 Flame the stainless steel disk to a red heat.

7.32 Measure the alpha activities by pulsing with a silicon surface-

barrier detector coupled to a multichannel analyzer.

8. Calculations

238Pu

ACM/DE , Bq/g ,

239py = BcM/DE , Bg/g ,

where

= net integrated counts of 238Py from pulse analysis,
= net integrated counts of 23%Py from pulse analysis,
dis/min of 2%2py added,

= net integrated counts of 2%2Py from pulse analysis,
= weight of sample in grams,

B YU QW »
"

M = conversion factor from dis/min to Bq: 1 Bg = 60 dis/min.

9. Precision and Accuracy

The precision is estimated to be #20%. The accuracy has not
been established.

Working Bibliography for Sect. 2.5

George H. Coleman, The Radiochemistry of Plutoniwm, National Academy of
Sciences — National Research Council, NAS-NS 3058, Sept. 1, 1965.

John H. Harley, EML Procedures Manual, HASL-300, current edition.

Frederic B. Johns (ed.), Handbook of Radiochemical Analytical Methods,
EPA-680/4-75-001, February 1975.
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2.6 Radiochemical Method for Determining Uranium Isotopes
in Soils and Sediments
(performed by Analytical Chemistry Division Laboratory)

Source: Environmental and Effiluent Analysis Manual,
Union Carbide, Nuclear Division

1. Scope and Application

This method is applicable to the determination of uranium
isotopes in soil and sediment samples.

Summary of Method

2.1 A known quantity of uranium-232 tracer, used as an internal
standard, is added to the sample that is leached with a hot
nitric acid and hot nitric acid-hydrogen peroxide treatment.
The leaching solution is passed through an anion exchange
resin to adsorb plutonium and thorium, leaving purified uranium
in the effluent solution. The uranium is further purified by
repeated extractions with methyl isobutyl ketone (hexone).

The final hexone extract is dried on a stainless steel disk
and counted on a multichannel analyzer system using a silicon

surface-barrier detector to determine the uranium concentration.

2.2 The lowest reported concentration is 1.48 x 10-* Bg/g
(4 x 10-3 pCi/g) for 10-g samples.

Sample Handling and Preservation

3.1 The samples are oven dried at 105°C to a constant weight,
pulverized, screened to 100-mesh particle size, and thoroughly
blended.

3.2 The prepared sample materials are stored in airtight glass or
plastic containers.

Interferences

4.1 Indigenous uranium is not 1ikely to be released in the leach-
ing process; therefore, more rigorous methods should be used '
for its determination.
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4.2 Iron ir{r-miﬂigrams’ bér grani concentrations ‘tends to follow ‘>

uranium throughout the chemistry and causes serious degradation
of alpha measurements.

4.3 Uranium-234 cannot be distinguished easily from uranium-233
by alpha pulse-height analysis.

5. Apparatus

Drying oven

Muffle furnace

Hot plate with magnetic stirrer

Centrifuge

Vortex mixer

Extraction vials, 50-ml with plastic-lined screw caps

Screens, 40- and 100-mesh

Transfer pipettes

Lab glassware

5.9.1 Beakers, 250-ml size and 500-m1 tall-form

5.9.2 Centrifuge tubes, 50-ml glass and 100-ml plastic ‘~}

5.9.3 Glass ion exchange column, 8 mm ID by 25 cm long, fitted

with a stopcock and reservoir

5.10 Stainless steel disks

5.11 Multichannel analyzer system with silicon surface-barrier
detector(s)

5.12 Analytical balance

5.13 Magnetic stirring bar, Teflon coated, 3.8 cm (1.5 in.) long

6. Reagents

6.1 Nitric acid (HNO;), concentrated

6.2 Nitric acid (HNO;), 8M: Add 500 ml of concd HNO3 to 500 m1
of water.

6.3 Aluminum nitrate solution, 2.84: Dissolve 1050 g of aluminum
nitrate nonahydrate [AT(NO3)3-9H,0] in a minimum of water with
heat. Cautiously add 100 ml of concd NH,OH with stirring. Con-
tinue heating and stirring until all of the precipitate dis-
solves, and then dilute to 1 liter with water.

5
5
5
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5
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Sodium nitrite (NaNO,), crystals

Methyl isobutyl ketone (hexone)

Potassium bromate (KBr0;), crystals

Uranium-232 tracer solution: Dilute a stock solution of
uranium-232 to a concentration of 10 dis min-! mi-l.

Anion exchange resin: Dowex 1-X4 (50-100 mesh, chloride form)

or equivalent

6.9 Hydrogen peroxide (H0,), 30% solution

Procedure

7.1 Transfer a measured weight (5 to 10 g) of the 100-mesh sample

~NN NN
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to a 500-ml1 tall-form beaker. If the sample shows signs of
containing organic matter, ash in a muffle furnace at 500°C
for several hours before continuing.

Slowly add 50 to 75 ml of 8M HNO3 and allow sufficient time
for any foaming to subside.

Add 1 ml of 10 dis min~! m1~! uranium-232 tracer solution.
Carefully introduce the magnetic stirring bar, place on the
hot plate, and digest, with stirring, at 90 to 95°C for 1 h.
Remove from the hot plate and transfer the sample solution
to a 100-ml plastic centrifuge tube.

Centrifuge for 10 min at 1500 rpm.

Decant the supernatant 1iquid into a 250-m1 beaker and retain.
Rinse the residue from the centrifuge tube into the original
500-m1 beaker with 50 to 75 ml of 8M HNO3. .
Return to the hot plate and digest with stirring at 90 to 95°C
for 1 h while adding a few drops of 30% H,0, intermittently
for a total of 5 to 10 m}. ,

Repeat steps 7.5 through 7.7.

Repeat steps 7.8 using 25 ml of 1M HNO,.

Repeat steps 7.9 and 7.10 and discard the residue.

Add 250 mg of NaNO, crystals, place on hot plate, bring to a
boil rapidly, immediately remove from heat, and allow the
sample to digest for 20 min.
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7.14 While the sample is digesting, prepare a resin column as
follows:

7.14.1 Place a glass-wool plug in the bottom of the column
described in step 5.9.3.

7.14.2 Slurry the resin (see step 6.8) with water and immediately
discard the fines by decanting. Repeat as necessary
until fines are removed.

7.14.3 Transfer 4 ml of resin to the column with water. Pre-
vent any channeling by maintaining the solution level
above the resin by use of the stopcock.

7.14.4 Place a glass-wool plug on top of the resin.

7.14.5 Convert the resin to the nitrate form by passing several
column volumes of 8M HNO3 through the column until the
resin is free of chloride ions.

7.15 Transfer the sample solution, which should:-be at room tempera- .
ture, to the prepared resin column.

7.16 Place a 250-ml1 beaker beneath the column and allow the sample
solution to drain into the beaker at a flow rate of 2 ml/min. ‘)

7.17 Rinse the beaker with 25 m1 of 8M HNO3 and transfer the rinse
to the column.

7.18 Allow the rinse to drain into the beaker also.

7.19 Place the beaker containing the column effluent on a hot plate
to dry.

7.20 Dissolve the residue in 10 m1 of A1(NO3); solution and transfer
to an extraction vial using a minimum of A1(NO3); to rinse the
beaker.

7.21 Add an equal volume of hexone and extract on a Vortex mixer
for 10 min.

7.22 Centrifuge for 2 min to separate the phases and discard the
aqueous phase.

7.23 Add an equal volume of water and back-extract into the water
on a Vortex mixer for 10 min.

7.24 Centrifuge for 2 min to separate the phases.

7.25 Transfer the aqueous phase to a 100-ml1 beaker.
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7.26 Repeat steps 7.23, 7.24, and 7.25.

7.27 Place the beaker containing the water strip solution on a hot
plate to dry.

7.28 Add enough 8M HNO; to moisten the residue.

7.29 Add 10 to 20 mg of KBrOz crystals and digest for 10 min.

7.30 Dissolve and transfer the residue to an extraction vial with

5 ml of A1(NO3); solution.

7.31 Repeat step 7.21 using 1 ml1 of hexone; repeat step 7.22.

7.32 Transfer the entire hexone extract, by drops, to a stainless
steel disk placed on a hot plate set at 100°C.

7.33 Flame the disk to a red heat.

7.34 Measure the uranium alpha activities by pulsing with a silicon
surface-barrier detector and multichannel analyzer.

8. Calculations

238y = gEM/DV , Bq/g ,
235y = BEM/DV , Bq/g ,
234y = cEM/DV , Bqg/g ,

where

net integrated counts of 238y from pulse analysis,

net integrated counts of 235y from pulse analysis,

net integrated counts of 23%y from pulse analysis,

net integrated counts of 232y from pulse analysis,
dis/min of 232y tracer added,

V = weight of sample in grams,

M = conversion factor from dis/min to Bq: 1 Bq = 60 dis/min.

1}

MU o wWwn
]

9. Precision and Accuracy

9.1 The precision is estimated to be +15%.
9.2 The accuracy has not been established; however, no significant
bias is indicated.
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Working Bibliography for Sect. 2.6 )

J. E. Grindler, The Radiochemistry of Uranium, NAS-NS 3050, March 1962.

F. B. Johns (ed.), Handbook of Radiochemical Methods, EPA-680/4-75-001,
February 1975.
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2.7 Radiochemical Method for Determining Strontium-90 ..
in Soils and Sediments ‘

(performed by Analytical Chemistry Division Laboratory)

Source: Envirommental and Effluent Analysis Manual,

Union Carbide, Nuclear Division

Scope and Application

This method is applicable to the determination of strontium-90

in soil and sediment samples.

Summary of Method

2.1

2.2

A known weight of strontium carrier is added to the sample that
is leached with hot nitric acid and hot nitric acid-hydrogen
peroxide treatment. The leachate is reduced in volume and the
strontium is separated from calcium, magnesium, and rare earths
by nitrate precipitation followed by acetone washes. Further
purification is accomplished by removing yttrium and other
impurities with hydroxide scavenging and by removing barium and
radium as the chromates; final purification is made by pre-
cipitation of strontium as the oxalate, which is mounted for
beta counting and counted on a low-background beta counter.

The lowest reported concentration is 7.4 x 1073 Bg/g (0.2 pCi/g)
for 10-g samples.

Sample Handling and Preservation

3.1

The samples are oven dried at 105°C to a constant weight,
pulverized, screened to 100-mesh particle size, and thoroughly
blended. )

The prepared sample material is stored in airtight glass or

3.2
plastic containers.
Interferences
4.1 Samples that are of a refractory nature, such as test-site

materials, are not apt to release strontium in the leaching

process; therefore, more rigorous treatment is recommended for
decomposition of these samples.
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4.2 Strontium-89, when present in the sample, interferes with the

beta counting of strontium-90. The presence of strontium-89
can be ascertained by absorption studies; the interferences
of strontium-89 can be circumvented by indirect determination
of strontium-90 via the yttrium-90 daughter after adequate

ingrowth.

4.3 Strontium-90 is self-absorbing; therefore the counting
efficiency varies with the amounts of solids which are counted
on the mounts.

Apparatus

5.1 Drying oven

5.2 Muffle furnace

5.3 Hot plate with magnetic stirrer

5.4 Centrifuge

5.5 Screens, 40- and 100-mesh

5.6 Analytical balance

5.7 Pulverizer

5.8 Magnetic stirring bar, Teflon coated, 3.8 cm (1.5 in.) long

5.9 Lab glassware
5.9.1 Beakers, 250-m1 size and 500-m1 tall-form
5.9.2 Centrifuge tubes, 50-m1 glass and 100-ml1 plastic
5.9.3 Fritted-glass filter crucibles

5.10 Filter flask and funnel

5.11 Filter paper, No. 541 Whatman (11 cm)

5.12 Filter paper, No. 1 Whatman (18 mm)

5.13 Ice bath

5.14 Desiccator

5.15 Low-background beta counter

Reagents

6.1 Nitric acid (HN03), fuming
6.2 Nitric acid (HNO3), concentrated
6.3 Nitric acid (HNO3), 8M: Add 500 m1 of concd HNO3 to 500 m1

of water.
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6.4 Nitric acid (HNO3), 6M: Add 375 ml of concd HNO3 to 500 ml
of water and dilute to 1 liter with water.

6.5 Ammonium hydroxide (NH,OH), concentrated

6.6 Acetic acid, 6M: Add 340 ml of glacial acetic acid (CH3COOH)
to 500 ml of water and dilute to 1 liter with water.

6.7 Ammonium acetate solution, 6M: Dissolve 462 g of ammonium
acetate (NH,C,H30,) in 500 ml of water and dilute to 1 Titer
with water. '

6.8 Ammonium oxalate solution, saturated: Add 200 g of ammonium
oxalate monohydrate [(NHy),C,0,°H,0] to 500 ml of water in a
1-Titer container, dilute to 1 Titer with water, mix thoroughly,
and let stand overnight before using.

6.9 Sodium chromate solution, 1.5M: Dissolve 176 g of sodium
chromate quadrihydrate (Na,Cr0,-4H,0) in water and dilute to
500 ml with water.

6.10 Barium carrier solution, 10 mg Ba/ml: Dissolve 19.0 g of
barium nitrate [Ba(NO3),] in water and dilute to 1 Titer with
water.

6.11 Acetone (C3Hg0)

6.12 Hydrogen peroxide (H,0,), 30% solution

6.13 Phenolphthalein indicator solution, 5%: Dissolve 5 g of phenol-
phthalein (CyoH;404) in 50 ml1 of 95% ethyl alcohol (C,HsO0H) and
dilute to 100 ml with water.

6.14 Ethyl alcohol (C,H50H), 95%

6.15 Diethyl ether (C;Hs0C2Hs), anhydrous

6.16 Ammonium hydroxide (NH,OH), concentrated

6.17 Strontium carrier solution: Dissolve 27.3 g of strontium
nitrate [Sr(NO3),] in a minimum of HNO; and dilute to 1 liter
with water. : ’ ‘

6.17.1 Standardization of strontium carrier: Pipette 5.00 ml
of strontium carrier solution into a 100-ml1 beaker and
add 30 ml of water. Adjust the pH to 9.0 with concd

_NH40H, add 10 ml of saturated (NHy),C,0, solution, and
heat to near boiling while stirring. Cool to room
temperature and quantitatively transfer the precipitate
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to a previously tared filter crucible with hot water.
Waéh the brecipitate several times with hot water,
three times with 10-ml portions of ethyl alcohol, and
fwo times with 10-ml portions of diethyl ether.
Desiccate the crucible and precipitate under vacuum
to a constant weight. The net weight of the precipi-
tate is the weight of strontium oxalate monohydrate
(SrC,04+Ho0) in 5.00 m1 of the strontium carrier
solution.

6.18 Ferric nitrate solution, 0.1M: Dissolve 40.4 g of ferric

nitrate nonahydrate [Fe(NO3)3+9H,0] in water and dilute to
1 Titer with water. '

Procedure

7.1

Transfer a measured weight (5 to 10 g) of 100-mesh sample to a
500-ml tall-form beaker. If the sample shows signs of con-
taining organic matter, ash in a muffle furnace at 500°C for
several hours before continuing.

Slowly add 50 to 75 ml of 8M HNO; and allow sufficient time for
any foaming to subside.

Add 1 ml strontium carrier solution.

Carefully introduce the magnetic stirring bar, place on the
hot plate, and digest with stirring at 90 to 95°C for 1 h.
Remove from the hot plate and transfer the sample solution to
a 100-m1 plastic centrifuge tube.

Centrifuge for 10 min at 1500 rpm.

Decant the supernatant 1iquid into a 250-m1 beaker and retain.
Rinse the residue from the centrifuge tube into the original
500-m1 beaker with 50 to 75 ml of 8M HNO,.

Return to the hot plate and digest with stirring at 90 to 95°C
for 1 h with the addition of a few drops of 30% H202 inter-
mittently for a total of 5 to 10 ml.

7.10 Repeat steps 7.5 through 7.7.
7.11 Repeat step 7.8 using 25 ml of 1M HNOg.
7.12 Repeat steps 7.9 and 7.10 and discard the residue.
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7.13 Place the 250-m1 beaker containing the leach solution on a
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hot plate and reduce the volume to 15 ml.

Transfer the sample solution to a 50-ml1 glass centrifuge

tube rinsing the 250-m1 beaker with a minimum of fuming

HNO3.

Add fuming HNO3 to give a total volume of 40 ml.

Place the 50-ml tube in an ice bath and digest the sample
with frequent stirring for 30 min to precipitate the nitrates.
Remove the tube from the ice bath and centrifuge for 10 min
at 1500 rpm. Decant the supernatant solution into a large
volume of water and discard.

Dissolve.the precipitate in a minimum of water.

Add 15 m1 of fuming HNO; and 15 ml of concd HNO3.

Repeat steps 7.16 and 7.17.

Drain the tube completely, leaving no trace of HNO3, as a pre-
caution against any adverse reaction with the acetone wash
which follows.

Add 30 ml of acetone and wash the precipitate thoroughly with
stirring.

Centrifuge for 5 min at 1500 rpm and decant the acetone wash
into a clearly marked organic-waste container.

Repeat steps 7.18, 7.19, 7.16, and 7.17.

Repeat steps 7.21, 7.22, and 7.23.

Dissolve the precipitate in 10 ml of water.

Add two drops of phenolphthalein indicator solution and 0.5 ml
of 0.1M Fe(NO3); solution.

Add concd NH,OH dropwise with stirring until the phenolphthalein
end point is reached, then add five more drops.

Centrifuge for 5 min at 1500 rpm.

Filter the supernatant solution through No. 541 filter paper
into another 50-ml-glass centrifuge tube; discard the precipi-
tate. Record the time at which the filtering is done as the
separation time of strontium-90 from yttrium-90. Wash the
filter with 3 ml of water. ‘
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7.33
7.34

7.35
7.36

7.40

7.41

7.42

Calculations

Neutralize the solution with 6M HNO3; then add 1 ml of 6M i>
acetic acid, 2 ml of 6M ammonium acetate, and 1 ml of barium
carrier.

Heat the solution to near boiling, then add 1.5M Na,CrO,
solution dropwise with stirring to precipitate barium chromate.
Chill in an ice bath and stir to complete the precipitation.
Check for complete precipitation of barium by adding a few
more drops of Na,CrOQ,.

Centrifuge for 5 min at 1500 rpm.

Filter the supernatant solution through No. 541 filter paper
into another 50-ml glass centrifuge tube and wash the filter
with 3 ml of water. Discard the precipitate.

Add 2 ml of concd NH,OH to the solution and heat to boiling.
Add 5 ml of saturated ammonium oxalate solution while stirring
to precipitate the strontium oxalate.

Chill in an ice bath and continue to stir to complete the

precipitation. : )
Centrifuge for 5 min at 1500 rpm and discard the supernatant -
solution.

Place a tared 18-mm filter paper in the filtering funnel and
wet with water, using vacuum on the filtering flask.

Transfer the precipitate onto the filter with hot water; then
wash with two 10-ml portions of hot water, three 5-m] portions
of 95% ethyl alcohol, and two 5-ml portions of diethyl ether.
Weigh the filter paper and precipitate, determine the chemical
recovery, and mount for beta counting.

Count the sample amount without delay on a low-background beta
counter,

30sy = aBM/DV , Bq/g ,
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where

y:|
B

net counts per min of purified 99Sr,

efficiency factor for 99Sr, including self-adsorption
correction,

D = fraction of strontium carrier recovered,
V = weight of sample in grams,
M = conversion factor from dis/min to Bq: 1 Bq = 60 dis/min.

n

9. Precision and Accuracy

The precision at the 95% confidence level is #12%. The method
exhibits a positive bias of 25% when applied to controls of known
strontium-90 concentration.

Working Bibliography for Sect. 2.7

(7;_ M. A. Franson (ed.), Standard Methods for Examination of Water and Waste
L Water, 14th ed., 1976.

R. B. Hahn and C. P. Straub, "Determination of Radioactive Strontium
and Barium in Water," J. 4m. Works Assoec., 47, No. 4, p. 335 (1955).

J. Kooi, "Quantitative Determination.of Strontium-89 and Strontium-90 in
Water," 4nal. Chem., 30, p. 532 (1958).
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3. BIOLOGICAL SAMPLING

The biological sampling program is centered around the capture of
fish from the Clinch River and its tributaries and the collection of milk
samples (local and remote) and small road-killed animals. Fish belong-
ing to the same species are ashed and prepared for analysis. The fish
samples are analyzed by atomic absorption for mercury and by gamma spec-
trometry and radiochemical techniques for radionuclides which may con-
tribute to the radiation dose in man. Milk samples are collected weekly
at the local milk stations and once during a 5-week interval at the
remote milk stations. The milk samples are analyzed for iodine-131 and
strontium-90. Local produce is also collected on an annual basis for
analysis of radioactivity and trace metal content. The road-killed animals
are analyzed for gamma activity. The procedures in this section are
also applicable to other biological samples.

e e e P T T ——— ~ -



3.1 Procedure for Handling Biological Samples

Some biological samples (e.g., road-killed deer) are delivered to
members of the Department of Environmental Management Section by
staff members from the Environmental Science Division (ESD).
Technicians from the DEM also collect other necessary samples not
acquired by the ESD personnel.

The samples are assigned identification numbers and are logged in

with the following information:

2.1 Species of sample

2.2 Weight

2.3 Location where sample was collected

2.4 Date sample was found

2.5 Name of persons delivering and receiving sample

2.6 The alpha and beta-gamma direct radiation reading and smear reading

Samples are double-bagged in plastic bags, sealed, and stored in the
freezer. ’

Once counting time has been scheduled, the samples are removed from
the freezer, placed in a third plastic bag or Marinelli beaker,
and transferred to the Analytical Chemistry Counting Facilities.

After the completion of counting: the samples are returned to the
DEM and replaced in the freezer for further evaluation.

3.1.1




3.2 Preparation of Biological Samples for Radionuclides and
Elemental Evaluations (Dry-Ashing)

1. Samples that are dry-ashed for radionuclide evaluation include fish
and local and commercial food products.

2. Fish samples are collected from the Clinch River and several of its
tributaries. The collection locations include:
2.1 Above Melton Hill Dam at Clinch River Mile CRM 25.0.
2.2 The junction of White Oak Creek and Clinch River, CRM 20.8.
2.3 The junction of Poplar Creek and Clinch River, CRM 12.0.
2.4 Centers Ferry at Kingston, Tennessee, CRM 5.0.

To collect fish samples, an electrical probe (Fig. 3.2-1) is inserted
into the water and a 60-A current is applied. An electrical current is
established between the probe and the bottom of the boat, thus temporarily
immobilizing the fish. The fish are captured in a net (Fig. 3.2-2) and
separated according to species (bass, crappie, blue gill, carp, and shad).
Ten fish of each species are collected at each location. The fish are
placed in plastic bags which are labeled with date, location, and species.
The excess fish are released. The fish samples are returned to the labora-
tory and frozen, if not prepared on the day of collection.

When the fish are prepared for analysis, they should be thawed,
weighed separately, and combined according to species and location of
collection. 1If possible, ten fish of the same species and locations are
scaled, eviscerated, deboned, decapitated, and combined. In each of these
operations, the anatomical parts are placed in a separate plastic bag,
frozen, and stored. The combined muscles are weighed, placed in a weighed
Pyrex beaker, and labeled.

3. Food producté (Fig. 3.2-3 and 3.2-4) are purchased from commercial
supermarkets in the Knoxville/Oak Ridge area for background levels
and from local residents for determining the impact of the facilities
on local produce. The sample date and site of collection are
recorded. Meats, vegetables, and other food samples which might spoil
if not prepared immediately, are frozen. :

3.2.1
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The food samples (frozen or thawed) are prepared according to the
water content of the sample. Samples with high water content are prepared
using a Waring blender. Samples with low water content are chopped
manually. The weight of the beaker, the weight of the beaker and food,
and the actual weight of the food product are recorded. The beaker is
labeled and covered with a quartz glass.

4. The following procedures are used to dry-ash biological samples.

4.1 Place beakers containing samples in a muffle furnace (Fig. 3.2-5)
at 100°C and leave overnight.

4.2 Raise temperature to 150°C for 5 h. WATCH CAREFULLY TO PREVENT
OVERFLOW.

4.3 Raise temperature to 180°C for 5 h, then to 220°C for 5 h.
Leave samples overnight in the furnace at 220°C.

4.4 Punch holes in the ashing samples with a stirring rod.

4.5 Raise temperature to 250°C for 3 or 4 h, to 280°C for 3 or 4 h,
and to 300°C for overnight.

4.6 Punch holes in the ashing samples and raise temperature to
325°C for 2 h, then to 350°C for 2 to 3 h. The samples may be
left overnight in the furnace if necessary.

4.7 Raise temperature by 20°C at 2- to 3-h intervals and leave over-
night between 400 and 425°C.

4.8 Raise temperature to 450°C until the samples are ashed
(Fig. 3.2-6).

Note: Ashing procedures vary for different types of biological
samples (e.g., fish, vegetables, and other food products). In general,
the greater the water content, the slower the ashing process should be
performed.

3.2.6
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3.3 Prepration of Ducks for Analysis

Ducks on White Oak Lake (WOL) are caught in a Sullivan trap

" (180 x 65 x 65 cm) using corn as bait. The traps are checked three times

daily. If a duck has been captured, it is removed with care and placed in
a cardboard box. The box provides enough darkness to decrease the excite-
ment of the duck. The duck is brought to the laboratory.

In the laboratory, the duck is removed from the box and placed in a
cotton sleeve (stocking) leaving the head free. The duck is placed on
the table with its feet pulled toward the tail. The stocking is taped
to secure the feet, and the bill is marked with a number, using a black
waterproof pen. The duck is placed in a plastic box (30 x 30 x 30 cm)
and counted for gamma emitters.

The gamma spectrometric analysis is similar to that presented in

Sects. 2.3 and 2.4. The ducks are counted for 10 to 15 min and are released

in the general area of capture.

3.3.1




3.4 Prepration of Eees for Gamma Spectrometric Analysis

The Department of Environmental Management has placed six bee hives
in the Oak Ridge area; three bee hives are located on the banks of White
Oak Lake (WOL), two on Chestnut Road, and one in the area of Burial
Ground No. 6. The bee hives (Fig. 3.4-1) consist of brood chambers
and supers. ihe brood chamber is located at the base of the hive and has
ten racks. The bees grow on the pollen stored in the brood chamber. The
supers have nine racks; each rack has a sheet of foundation which serves
as a start for the bees. The racks in the brood chamber and super are
22.8 x 47.5 cm.

The bee hives are checked weekly from March to July and twice a
month from August to December for an adequate supply of honey (needeq for
the bees' survival during the winter). The technician is advised to wear
a bee helmet with a veil, white overalls taped at the sleeves and legs,
and leather gloves (Fig. 3.4-1). It is further advised that a bee smoker,
filled with burlap or pine needles, be ablaze while checking the bee
hives. o

In March and April the bee hives are examined for an adequate supply
of pollen, production of honey, and eggs. In April, five of the brood
chamber racks should be filled with eggs and five of the super racks should
be filled with honey (6.8-9.1 kg). If the egg production is low, the
queen bee should be replaced.

Later, when the bees have made a surplus of honey, the super racks can
be exchanged with unused racks. The racks are returned to the laboratory
where the cone/honey is cut from the racks. The honey is strained through
a doubled cheese cloth into a beaker labeled with the date and location
of collection. The cone is placed in a container labeled with the same
information. The honey and cone are delivered to the Analytical Chemistry
Counting Facility for gamma spectrometric analysis.

" Bees (1000 drones and 1000 workers) are captured with a net made of
cheese cloth. The bees are placed in double plastic bags, labeled with the
date and location of collection, and taken to the laboratory. A brood .
rack containing the young bees and pollen is also taken to the laboratory.

3.4.1
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Beehives are checked weekly.

Fig. 3.4-1.
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At the laboratory, the bees are frozen. One hundred grams of pollen,
taken from the brood chamber, is placed in a polyethylene vial labeled
with the date and location of collection. The bees and pollen are

" delivered to the Analytical Chemistry Counting Facilities for gamma

spectrometric analysis.
The gamma spectrometric analyses are similar to those presented in
Sects. 2.3 and 2.4.

3.4.3
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3.5 Preparation of Insects for Analysis

Insect traps are located in the general areas of LAMs 2, 4, 6 and 12,

- White Oak Dam and Shale Fracture areas. Each trap consists of an ultra-

violet lamp (which attracts the insects) and several traps on which the
insects are sorted according to size (Fig. 3.5-1). The insects are col-
lected from the traps two to three times weekly and placed in a plastic
bag labeled with the site location and the date of collection. The
samples are returned to the laboratory and frozen. i

Weekly, the insects are composited (according to the station) in a
1-L Marinelli beaker or 20 to 30 g petri dish. The sample containers are
labeled with the site location and the week of collection. The samples
are delivered to the Analytical Chemistry Counting Facility for gamma
spectrometric analysis. For details on the gamma spectrometric analysis,
refer to Sects. 2.3 and 2.4:

3.5.1
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3.6 A General Discussion of Radionuclides Identification
in Biological Samples Using the Whole Body Counter
and Gamma Spectrometric Analysis

The Whole Body Counter (WBC) is located in a specially designed, low
background room with walls 30-cm thick; these walls are constructed of
concrete with additional layers of iron (8.9 mm), Tead (3 mm), tin/cadmium
(1 mm), and copper (0.2 mm). In addition to the specially designed walls,
an air system continuods]y ventilates the counting room. The air system
is composed of "aged" air which has been stored Tong enough for the
natural working-level values of radon-222 and its progeny to be minimal.
The WBC is primarily used by the Department of Environmental Management
"scan" road-killed deer (Fig. 3.6-1). The deer are double bagged before
they are taken to the WBC for analysis (see Sect. 3.1). Individual
samples of deer tissue are mixed, blended, and put into a beaker for analy-
sis, see Sect. 2.4.

The WBC contains two types of detectors. The first type consists of
two NaI(T1) crystals and detects pulse-height energies greater than 1 keV.
A 23 x 23 cm crystal is located below the counting platform bed. Even
though the crystals are primarily used for lung counts, they may also be
used for whole-body scanning. The output of the pulse-height analyzer
(256 channels) is fed into a ND-6620 computer and analyzed by programs
developed specifically for this data processing system.

The library of standards is comprised of various fission product
radionuclides which have been injected into an animal phantom made of
polyethylene (approximately tissue-equivalent) and counted by the WBC. A
gamma spectrum for each radionuclide injected and an uncontaminated
animal spectrum are stored in the library of standards.

The second type of detector system consists of two phoswich
detectors which detect energies below 100 keV. Many of these photons
arise from x-ray emissions in the antinide series. Each phoswich detector
has a 1.5-mm layer of NaI(T1) and a 50-mm layer of CsI(T1). If an inter-
action takes place in both the NaI(T1) and CsI(T1) crystals, a pulse-
shape discrimination circuit prevents the pulse from entering the pulse-
analyzer. This effect usually occurs from Compton scattering, pair

3.6.1
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production, and/or background radiation. In cases where the total energy
is absorbed only in the NaI(T1) crystal (low-energy photons primarily
interacting by the photoelectric process), the response is registered in

" the pulse-height analyzer.
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3.7 Routing Procedures for the Collection of Milk Samples

In most cases, milk samples are collected within a few hours after.
* the cows have been milked. Except for Broadacres Dairy, no pasteuriza-
tion or sterilization has been performed on the milk samples. It is
desirable that the cream be separated from the milk samples before
collection; if not, it is removed from samples and discarded before
analysis. ' -

Before leaving ORNL, one must obtain $19.50 ($3.50 in quarters and
$16 in single bills) or $22, if performing the Knoxville/Norris run
from the ORNL Cashier and have the receipt forms. Each milk producer is
required to sign a receipt stating the amount of money that he or she
has been paid for the milk sample.

In addition to the weekly local samples, remote samples are col-
lected for background information. Each remote station is visited once
every 5 weeks. The routing procedures for the remote milk stations are
also presented.

3.7.1 Routing Procedures for Weekly Local Milk Sampling Stations

Information presented here‘includes the optimum route for travel to
designated milk stations, individuals involved in the transactions,
quantity of milk collected, fee paid, and other pertinent information.
Usually 2 liters of milk is collected at each station and the individual
is paid $2.50 for the sample ($2.00 for Broadacres sample).

Figure 3.7-1 shows the locations of the local milk sampling stations.
Milk samples are collected each Wednesday from stations in the following
order for the most efficient operation. ;

<
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1. Comparative Animal Research Laboratory (CARL)* No. 3

Proceed east on White Oak Avenue.. Turn left onto Melton Valley

Access Road and right onto Bethel Valley Road. Proceed east for
approximately 9.7 km (6 miles). CARL is at the intersection of

Bethel Valley Road and Carbide Park Access Road.

2. Broadacres (Weigels) — Mr. Hi1l and Mr. Head No. 2

Proceed approximately 0.8 km (0.5 mile) and exit onto Edgemoor
Road. Proceed approximately 11 km (6.8 miles) and turn right onto
Clinton Highway toward Powell. Turn left at the first red light
onto Emory Road. Drive approximately 0.3 km (0.2 mile) and turn
left onto Broadacres driveway. The Broadacres Dairy can be seen
from the drive.

3. Clinton — Mrs. Miller No. 3

From Broadacres, turn right onto Emory Road and right onto Clinton
Highway. Proceed approximately 6.6 km (4.1 miles). Turn right on

Raccoon Valley Road (at Claxton Elementary School). Travel approx-

imately 10.4 km (6.5 miles). Turn left onto Fleenor Mill Road (on
left just prior to crossing interstate). Proceed approximately
2.3 km (1.4 miles). Turn right onto Wolf Valley Road. Travel
approximately 0.3 km (0.2 mile) and turn left prior to overpass of

intersection. Do not go under interstate. Go approximately 1.8 km

(1.1 miles) and turn left at a red barn. Travel approximately

*

The CARL milk station is the same as the Clinton station. If the
milk is not at CARL, proceed to Broadacres after collecting the sampie;
from the Broadacres station proceed to Oliver Springs by way of Clinton
Highway (25W). Approximately 7 km (4.4 miles) from Broadacres, turn
right onto Highway 61W. Proceed approximately 9 km (5.6 miles) through
Clinton and turn right onto Highway 61W toward Oliver Springs. Travel
about 11.4 km (7.1 miles), turn right onto a four-lane highway and go
about 4.3 km (2.7 miles). Turn right onto Spring Street at the red

Tight in Oliver Springs. Proceed for about 2.4 km (1.5 miles) on Spring

Street and cross over a bridge. Turn left onto Frost-Bottom Road and

travel about 3.5 km (2.2 miles). A T-intersection sign can be seen in .

front of the house. The milk station is to the right.

3.7.3




1.6 km (1 mile) and turn right onto Look Out Tower Road. Turn ‘:)
right at Y-intersection and continue for approximately 1.1 km "
(0.7 mile). The milk can be collected from the house at the end of

the road.

Oliver Springs (Frost Bottom) — Mrs. Lively No. 4

From Mrs. Miller, return to the intersection of Look Out Tower Road
and Wolf Valley Road. Turn right toward Clinton and proceed
approximately 4.7 km (2.9 miles) to a T-intersection. Turn left

at the T-intersection and travel approximately 0.16 km (0.1 mile)

to new Highway 61. Travel approximately 2.6 km (1.6 miles). Turn
right onto Highway 61 and proceed approximately 9 km (5.6 miles)
through Clinton. Turn right onto Highway 61W toward Oliver Springs.
Travel approximately 11.4 km (7.1 miles), turn right onto a four-
lane highway and proceed approximately 4.3 km (2.7 miles). Turn
right onto Spring Street at the red light in Oliver Springs.

Proceed approximately 2.4 km (1.5 miles) on Spring Street and cross
over a bridge. Turn left onto Frost Bottom Road and travel ’>
approximately 3.5 km (2.2 miles). The milk station is on the right.
A T-intersection sign can be seen in front of the house.

Harriman — Mrs. Lyle No. 6

Return to Oliver Springs. Turn right onto Tri-County Boulevard
(Highway 61W) and to the immediate left after érossing railroad
tracks. Proceed on Highway 61W toward Harriman for approximately
17.9 km (11.1 miles) until Highway 61W runs into Highway 27S.
Travel approximately 3.9 km (2.4 miles) and turn left by Wood
Chapel Methodist Church's sign. Turn to the immediate left. The
milk can be collected at the house on the left (a dark wooden
house surrounded by farm equipment).

Blair — Hatmaker No. 1

Return to the main highway. Turn right onto Highway 61E/27N toward
Oliver Springs. Travel approximately 11.9 km (7.4 miles) until
an Exxon station is seen on the left. Turn at the first right

3.7.4



collected from an individual sampling station (rather than from the

onto Blair Road. Proceed for approximately 4.3 km (2.7 miles).
Turn left onto Poplar Creek Road. Cross the bridge and turn left
at the first driveway. The milk can be collected from Mr. Hatmaker
at the white brick house on top of the hill. Go to the door in

the carport.

Bradbury — Hensley No. 7

Return to Blair Road and turn left. Proceed for approximately

4.8 km (3 miles). Turn right onto Highway 58S. Travel approxi-
mately 10.5 km (6.5 miles). Turn left at the T-intersection onto
Highway 70. Travel approximately 2.4 km (1.5 miles) and turn left
at the I-40 sign onto Bradbury Community Road. Travel approximately
1.3 km (0.8 mile). The milk can be collected at the crab orchard
(tan) house on the right. Hensley is written on the mailbox.

Hardin Valley — Long No. 5

Continue on Bradbury Community Road/Buttermilk Road for approxi-
mately 6.3 km (3.9 miles) to I-40. Proceed toward Knoxville on
I-40. After the merging of I-40 and I-75, proceed for approximately
0.8 km (0.5 mile) and exit at Watt Road. Turn left onto Watt

Road and to the immediate right onto Everett Road. Travel approxi-
mately 1.6 km (1 mile). Turn left onto Yarnell Road. After
approximately 1.2 km (0.75 mile), a barn resembling a hotel can be
seen on the right. The milk can be collected at the white house on
the Teft.

To return to ORNL

Return to I-40 (west-bound). Travel approximately 6.3 km (3.9 miles),
exit at Melton Hill1/Highway 95 and turn right on Highway 95. Proceed
approximately 2 miles and turn right onto Lagoon Road. Enter ORNL at.
the west end.

3.7.2 Individual Routing Procedures for Weekly Local

Milk Sampling Stations

In emergencies or unusual situations when a milk sample must be

3.7.5
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entire route), the following procedures for reaching the milk sampling
stations from ORNL should be used.

1.

Blair — Mr. Hatmaker No. 1

Proceed east on White Oak Avenue through the East Vehicle Gate. Go
through the parking ot and turn left onto Bethel Valley Road.
Proceed for approximately 1.6 km (1 mile). Turn right onto

Highway 95 and left onto Highway 58. Turn right onto Blair Road.
Cross over a single-lane bridge. Turn right onto Poplar Creek
Road. Cross the bridge and turn left at the first driveway.

Mr. Hatmaker lives in the first house on the right (white brick).
Go to the door in the garage.

Broadacres (Weigels) — Mr. Hi11 and Mr. Head No. 2

Proceed east on White Oak Avenue. Turn left onto Melton Valley
Access Road and right onto Bethel Valley Road. Proceed for approx-
imately 11.3 km (7 miles) and turn right onto Edgemoor Road.

Turn right onto Clinton Highway and left onto Emory Road. Turn
left by entrance sign to Broadacres. Broadacres milk station is
approximately 28.3 km (17.6 miles) from ORNL.

Comparative Animal Research Laboratory (CARL) — Mr. Miller No. 3

Proceed east on White Oak Avenue. Turn left onto Melton Valley

Access Road and right onto Bethel Valley Road. Proceed east for
approximately 9.7 km (6 miles). CARL is at the intersection of

Bethel Valley Road and Carbide Park Access Road.

Oliver Springs (Frost Bottom) — Ms. Lively No. 4

Proceed east on White Oak Avenue. Turn left onto Melton Valley
Access Road and right onto Bethel Valley Road. Proceed for
approximately 9.7 km (6 miles). Turn left onto Scarboro Road at
the Y-intersection. Continue on Scarboro Road to I11inois Avenue.
Cross over the Oak Ridge Turnpike (Highway 95) and travel to
downtown Oliver Springs. Turn right onto Spring Street, cross over

3.7.6
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the bridge, and turn left onto Frost Bottom Road. Proceed approx-
imately 3.6 km (2.2 miles). The milk station is on the right. A
T-intersection sign can be seen in front of the house.

Hardin Valiey — Long No. 5

Proceed on White Oak Avenue through the East Vehicle Gate. Drive
through parking lot and turn left onto Bethel Valley Road. Proceed
for approximately 1.6 km (1 mile). Turn left onto Highway 95 and
proceed approximately 4.8 km (3 miles). Turn left onto I-40.

Merge left at 1-40/75 intersection toward Knoxville. Proceed
approximately 0.8 km (0.5 mile) and exit on Watt Road. Turn left
onto Watt Road and right immediately after croséing over the inter-
state onto Everett Road. Travel for approximately 1.6 km (1 mile).
Turn left onto Yarnell Road and travel approximately 1.2 km

(0.75 mile). A barn resembling a hotel can be seen on the right;
the house is on the left.

Harriman — Mrs. Lyles No. 6

Proceed east on White Oak Avenue through East Vehicle Gate. Turn
left and drive through parking lot. Turn left onto Bethel Valley
Road and proceed for approximately 3.2 km (2 miles). Turn left
onto Highway 95 and proceed for approximately 4.8 km (3 miles).
Turn right onto I-40 and proceed to Harriman. Exit at Harriman/
Rockwood and turn right toward Harriman. Continue through Harriman
to the north side of town. Turn right at the Wood Chapel Church
sign. Collect milk at the first dark wooden house (converted house
trailer) on left surrounded by farm equipment.

Bradbury — Mr. Hensley No. 7

Proceed on White Oak Avenue through East Vehicle Gate and turn left.
Drive through parking lot and turn left onto Bethel Valley Road.
Proceed for approximately 3.2 km (2 miles). Turn left and proceed
on Highway 95 and drive for approximately 4.8 km (3 miles). Turn
right onto I-40. Exit on Buttermilk Road. Turn right.and proceed

3.7.7
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approximately 6.4 km (4 miles). Look for Hensley's name on the
mailbox. The house is made of crab orchard stone (tan). A white
garage is at the end of the driveway.

3.7.3 Routing Procedures for Remote Milk Sampling Stations

Collections are made from the remote milk sampling stations on a

5-week schedule. Figure 3.7-2 shows the locations of these stations.
They may be reached by the following procedures.

1.

Stinking Creek — Mrs. Broyles — (Norris) No. 51

Proceed east on White Oak Avenue and turn left onto Melton Valley
Access Road. Turn right and proceed east on Bethel Valley Road.
Turn right onto Edgemoor Road. Continue across Clinton Highway
(Highway 25W) onto Raccoon Valley Road. Turn left onto I-40 and
continue to Stinking Creek exit. Exit and turn right onto Stinking
Creek Road. Travel approximately 4 km (2.5 miles) or until a white
house can be seen on the right. Mr. Charles Broyles No. 3 is
written on the mailbox. If no one is at home, the milk will be

on the porch or in the stream in front of the house. The receipt
will be with the milk or in the mailbox.

Philadelphia Milk Station (Watts Bar) No. 52

Proceed on White Oak Avenue through East Vehicle Gate. Turn left
and drive through the parking lot. Turn left onto Bethel Valley
Road and proceed approximately 1.6 km (1 mile). Turn left onto
Highway 95 to I-75. Turn right onto I-75, exit at Philadelphia,
and turn right. Turn to the immediate right onto a gravel road.
The milk sample can be collected at the end of the road. The milk
station is approximately 64.4 km (40 miles) from ORNL.

Sevierville Milk Station — Mr. Hodge No. 53

Proceed east on White Oak Avenue. Turn left onto Melton Valley
Access Road. Turn right onto Bethel Valley Road and drive for
approximately 10.5 km (6.5 miles). Cross over Solway Bridge and
continue to Knoxville on Highway 162 (Pellissippi Parkway). Merge
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left onto I-40/75. Continue through Knoxville on I-40. Exit at
406/Sevierville. Turn right toward Sevierville on Highway 66.
Highway 66 is a two-lane highway. Just before Highway 66 becomes
a four-lane highway, turn left onto Douglas Dam Road (dead-end
road). Continue on this road until a large barn with Catlett
Brothers' Farm written on it can be seen. Collect the milk at
the small concrete building on the right. The milk station is
approximately 105 km (65 miles) from ORNL.

Crossville Milk Station — No. 56

Proceed on White Oak Avenue to the east parking lot. Drive through

the parking 1ot and turn left onto Bethel Valley Road. Continue on
Bethel Valley Road to the intersection of Highway 95 and turn right.
Proceed approximately 1.4 miles and turn left onto Bear Creek Road.
Continue on Bear Creek Road, passing under Highway 58 and turn right
onto the second road (4.1 miles). Turn right onto Highway 58 and
proceed to Kingston. Approximately 4.1 miles, turn right onto I-40

W. Travel approximately 38.8 miles to exit 317, the Crossville/
Jamestown exit. Turn left and travel toward Crossville on Highway
127/28 S. Turn right onto Highway 70 W at the first traffic light.
Proceed to the intersection of Highway 70 S and 70 W and turn right
(corner of K-mart) onto Highway 70 S. Proceed approximately 8 miles
and turn left onto driveway. A sign indicating the availability of
Hereford cows is across from the driveway and a pond is near the drive-
way. The house is white and surrounded by a pasture with a barn. When
conducting the routing, the individual should back track to ORNL or
return to the intersection of Highway 70 S and Highway 70 W and

proceed to Great Falls and Dale Hollow.

Wartburg — Heidels' (Dale Hollow) No. 57

Proceed east on White Oak Avenue and turn left onto Melton Valley
Access Road. Turn right onto Bethel Valley Road. Proceed approxi-
mately 9.7 km (6 miles) and turn left at the Y-intersection onto
Scarboro Road. Continue on Scarboro Road to I11inois Avenue and
cross over Oak Ridge Turnpike. Continue on IT1linois Avenue
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(Highway 62) to Oliver Springs [approximately 8 km (5 miles)].

Turn right onto Highway 61 in Oliver Springs. At the T-intersection
(Wartburg) turn right and drive into Wartburg. At the Shell service
station in Wartburg, turn left. Go by the church, turn left, and
.drive approximately 1.1 km (0.7 mile). The Heidels' home will be

on the right. The Heidels' Targe mailbox is painted silver.

Andersonville — Bobby George No. 58

Proceed east on White Oak Avenue and turn left onto Melton Valley
Access Road. Turn right and proceed east on Bethel Valley Road.
Turn right onto Edgemoor Road. Continue across Clinton Highway
(Highway 25W) onto Raccoon Valley Road. Turn left onto I-40 and
continue to Clinton/Norris (Highway 61) exit. Turn right onto 01d
Highway 61 toward Norris. Go through Andersonville to the north
side of town. A large white mailbox is at the driveway. The milk
barn is at the end of the driveway, past the house.
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1.

2.

3.8 Analysis for Radioiodine in Milk

(Performed by Bio-Assay Laboratory, Industrial Safety and
Applied Health Physics)

Reagents

1.1 Iodine carrier, 10 mg/ml with a few mg of sodium bisulfite
(NAHSO3)

Dowex-1, X-8, 20-50 mesh

Sodium chloride (NaCl) 2M

Nitric acid (HNO3) concentrated

Hydroxylamine hydrochloride (NHOH-HC1)

Sodium bisulfite (NaHSO3) 1M (freshly prepared)

Sitver nitrate (AgNO3) (10 mg Ag* per ml)

Sodium hypochlorite (NaOCl), 4-6%

Carbon tetrachloride (CCly) ‘

— el ed ead d el el ot
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Apparatus

2.1 Ion exchange columns

2.2 Magnetic stirrer

2.3 Vacuum flask, 500-ml

2.4 Separatory funnels, 250-ml

Procedure

3.1 Prepare a resin column, 1.5 cm in diameter, using 20 ml of
wet resin (1-X8, 20-50 mesh in distilled water) and attach

it in series with a cation exchanger for strontium-90 sorption.

Refer to "Analysis for Radiostrontium in Milk" (Sect. 3.9).

3.2 Add 1 ml of iodine carrier to approximately 2 1iters of the
fresh milk sample. (The cream is removed first by aspiration;
therefore, the sample wi]j be less than 2 liters in most
cases.)

3.3 Pass the milk sample over the columns at a flow rate of
approximately 10 m1/min.

3.4 Wash the columns with 2 1iters of hot tap water.

3.5 Separate the strontium column and wash the iodine column with
an additional 1 liter of hot tap water. Refer to "Analysis of

3.8.1

NS



3.12

3.13

3.16
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Radiostrontium in Milk" (Sect. 3.9) for further preparation of
the strontium column.

Wash the iodine column with 100 m1 of 2M NaCl solution and
discard the wash. The column must be neutral or basic.
Transfer the resin plus slurry from the column to a 250-ml
beaker using NaOCl. Add 2 ml of 1M NaOH.

Heat to near boiling on a hot plate.

Stir for 5 min with a 1-in. magnetic stirring bar.

Assemble a filter funnel with a 500-m1 vacuum flask and filter
the solution into the flask using suction. Whatman No. 40
filter paper should be used.

Pour solution with resin into the funnel. Wash resin from
beaker with 25 m1 of NaOCl and 25 ml1 of distilled water.

Pour this solution into the funnel. After filtration, discard
the resin.

In the hooded area, add 20 m1 of concd HNO3 and boil 5 to

10 min on a hot plate. Cool.

Transfer the solution to a 250-ml1 separatory funnel. Use
approximately 25 ml of distilled water to rinse sample from
beaker. Add solution to separatory funnel.

Add approximately 1.5 g of NH,OH-HC1 and 50 ml1 of CCl, to
sample.

Extract for 2 min (shaking constantly) or until the CCl, phase
of the sample becomes purple.

Drain the CCl, into a clean 250-ml beaker.

Add approximately 1.0 g of NH,OH-HC1 to the sample in the
separatory funnel and reextract with 40 m1 of CCl, (shaking
constantly).

Drain the CCl, extraction into the beaker containing the

first CCl, extraction. Discard the aqueous solution.

Add 25 ml of distilled water and 1 ml of 1M NaHSO3 solution

to the CCl, solution of iodine.

Extract the solution for 2 min (shaking constantly) and allow
to settle for 10 min. The solution should be colorless.
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3.21

3.22 Repeat Steps 3.19 and 3.20 using the cloudy portion (CCly) of

3.23

3.24

3.25

3.26

3.27

3.28

3.29

3.30

3.31

3.32

3.33

Separate the organic (cloudy portion) from the aqueous
portion by draining the solution into two beakers.

the sample.

Separate the organic and aqueous phases. The aqueous portion

can be drained into the beaker with the first aqueous
extraction. Discard the organic portion.

Add 2 ml of concd HNO3 to the solution with a 1-in. magnetic
stirring bar. '

While stirring, add 5 m1 of AgNO3 solution.

Remove the stirring bar and digest the solution on a hot
plate until the silver iodide (AgI) coagulates (a yellowish
white coagulate).

Transfer the solution plus precipitate to a centrifuge tube.
Rinse sample from tube with distilled water. Centrifuge for
5 min.

Discard supernate and add 10 m1 of acetone to the residue.
Filter the sample through a Whatman No. 40 filter disk using
suction. ,

Place filter on a counting disk and allow to sit overnight.
Place the disk in the gas-flow GM counter and count for

60 min. A 20-min background count and a 10-min reference
count (using a strontium-90 source) should also be obtained.
An 80% yield factor should be applied in determining the
concentration of radioiodine in the milk sample. This yield
factor has been predetermined through statistical analysis
from previous standard milk samples.

NOTE: 'The percentage yield for iodine extracted from each
milk sample cannot be determined directly because of
the iodized salt already present in the milk.

Apply appropriate self-absorption and decay factors to deter-

mine an accurate concentration of radioiodine (iodine-131)
in each milk sample.
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Health and Safety Laboratory, U.S. Atomic Energy Commission, Procedure
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3.9 Analysis for Radiostrontium in Milk

(Performed by Bio-Assay Laboratory, Industrial Safety and
Applied Health Physics)

1. Reagents
1.1 Hydrochloric acid (HC1) 6M
1.2 Nitric acid (HNO3) 6M, concd
1.3 Hydrogen peroxide (Hp0,) 30%
1.4 Fe*3 carrier solution (3 mg/ml)
1.5 Ammonium hydroxide (NH,OH) concd
1.6 Dowex 50W-X8, 50-100 mesh cation exchange resin (hydrogen form).

2. Special Equipment

2.1 Ion exchange columns

2.2 Platinum wire stirrer

2.3 Stainless steel planchets
2.4 Low-level beta GM counter.

3. Procedure

3.1 Prepare a resin column, 1.5 cm in diameter, using 20 ml of
wet resin (504-X8, 50-100 mesh in distilled water) and attach
it in series with a cation exchanger for iodine-131
absorption.”Refer to "Analysis for Radioiodine in Milk"
(Sect. 3.8).

3.2 Remove the surface cream from the milk sample by aspiration.
Add 1 m1 of the jodine carrier to approximately 2 liters of
the milk sample (Sect. 3.8).

3.3 Pass the milk sample over the columns at a flow rate of
approximately 10 m1/min. -

3.4 Wash the columns with 2 liters of hot tap water. . This wash
is performed to remove the butterfat from the column.

3.5 Separate the iodine column from the strontium column. Wash
the strontium column with an additional 2 liters of hot tap
water. Refer to "Analysis of Radioiodine in Milk" (Sect. 3.8),
for further pféparation of the iodine column.
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Wash the strontium column with 500 m1 of 0.5M HC1 and then
with 200 ml of distilled water. Discard these washings.

These washings are done to remove any alkali metals which are
Toosely bound to the column.

Add 200 m1 of 6M HNO; and collect in a beaker. Allow to sit
for two weeks so that yttrium-90 buildup can reach secular
equilibrium with its parent, strontium-90.

After two weeks, evaporate the solution to dryness.

Ash the sample two or three times with concd HNO; and 30%
H0,. The ashing is done to remove any organic contaminant
from the elutriant. The peroxide is added to supply oxygen for
the HNO3 reaction to consume any organic material.

Dissolve the final residue in 15 to 20 ml of distilled water
and 1 drop to 1 ml of concentrated HC1 (2M). Transfer this
solution to a centrifuge tube. Rinse the beaker with a minimum
volume of distilled water and add to the centrifuge tube.

Add 0.5 m1 (1.5 mg) of the Fe*3 solution [Fe(OH)3]. Iron(III)
hydroxide is used as a carrier for the precipitation reaction.
Add 3 ml of concd NH,OH to the centrifuge tube. This will
increase the pH of the solution to about 8.0. [Fe(OH)3 will
precipitate at about pH 4.0.]

Stir the solution with a platinum wire to initiate the
precipitation reaction.

Centrifuge and discard the supernate.

Wash the precipitate with about 10 ml of distilled water and
centrifuge. Discard this wash. Redissolve in dilute acid

(1 ml HC1/20 ml H,0) and reprecipitate with NH,OH. Then wash
with about 10 ml1 of distilled Hy0 and 1 drop NH,OH and
centrifuge again.

Transfer precipitate to a stainless steel planchet with

6M HNO3 (0.5 to 1.0 m1). The transfer can be done by using

a pipette. )

Dry the sample under a heat lamp before counting.

Place the planchet in the gas-flow GM counter and count for
100 min. A 20-min background count and a 10-min reference
count (using a strontium-90 source) should also be obtained.
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(T’.’ '3.18 To determine the concentration of radiostrontium-in the milk
sample, an 80% yield factor should be applied. The yield
factor has been predetermined through statistical alalysis of
previous standard milk samples.

3.19 Apply appropriate self-absorption due to heavy precipitation,
counting efficiency, and decay factors to determine accurately
the concentration of radiostrontium (strontium-90) in each
milk sample. ‘

4. Calculations

4.1 Reagent background (Bkgd) = 0
4.2 Efficiency of counter = 80%
4,3 Background of counter = 0.5 counts/min

4.4 Efficiency factor = 3.2 dis/count (reciprocal-of percent
efficiency)

4.5 Equilibration time = 7 days (168 h)
4.6 Total counts/min: .
(7” q 4.6.1 Determining counts/min of yttrium-90 (sister to
- strontium-90 with half-1ife of 64 h):

Assume 5 counts/min - 0.5 counts/min (Bkgd) = 4.5 counts/min
4.6.2 Efficiency factor:
4.5 counts/min x 3.2 dis/count = 14.40 dis/min

4.6.3 Counting efficiency:
.-

14.80 _ 45,0 dis/min of yttrium-90

0.8
4.6.4 Formula for calculating activity of strontium-90 in sample:
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(1 - 72ty
where '

N1 = number of atoms of 90Sr,
No = number of atoms of 30Y,
A1 = decay constant for °9Sr (2.89 x 10-%/h),
A, = decay constant for °9Y (0.011/h),
t = time required for separation of °0Sr from
30y (in hours),
A; = ANy = activity of 20Sr,
A, = AN, = activity of 20v,

4.6.5 Correct dis/min of 30Y for decay from beginning of analysis
to end, that is, if the analysis takes 4 h, then:

A= AQEXt
Ao = Aekt
Ao = 18 dis/min and e’ = 1.045, thus A, =

18.8 dis/min.

Then assuming separation requires one week:

Ay
Al = ———
(1-e722%)
A, = 18.81
[1-o--011(T68]
Ay = 722:8L - 22,33 dis/min.

“
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3.10 Radiochemical Method for Determining Plutonium in Fish
(performed by Analytical Chemistry Division Laboratory)

Source: Envirvommental and Effiluent Analysis Manual,
Union Carbide, Nuclear Division

Scope and Application f

1.1 This method is applicable to the determination of the isotopes
of plutonium in fish samples.

Summary of Method

2.1 The dissolved sample is equilibrated with plutonium-242, which
is used as an internal standard; subsequently, plutonium is
reduced to Pu*3 and carried on calcium fluoride. After dissolu-
tion, plutonium is oxidized to Pu**, adsorbed on anion
exchange resin, reduced to Pu*3, and selectively eluted from
the resin. Plutonium in the effluent solution is carried on
praseodymium hydroxide, dissolved, and oxidized to Put®, which
is then extracted with thenoyltrifluoroacetone-xylene. The
organic extract is evaporated on a stainless steel disk that
is analyzed by alpha pulse-height analysis to determine the
concentrations of plutonium isotopes. .

2.2 The lowest reported concentration is 7.4 x 10~% Bg/g
(2 x 10-2 pCi/g) of ashed sample.

Sample Handling and Preservation

3.1 Fish samples are weighed to determine the wet weight, dried in
an oven at 105°C, and ashed in a muffle furnace at 525°C until
free of carbon. The ashed weights are measured, and the ratios
of wet weight to ashed weight are determined. t

3.2 Ashed samples are stored in airtight glass or plastic containers. _ !

Interferences

4,1 Calcium and phosphate are major chemical interferences.

4.2 Alpha pulse-height analysis eliminates alpha interferences
except for plutonium-240, which cannot be resolved from ) E
plutonium-239 by pulse-height analysis.
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5. pparatus

Drying oven
Muffle furnace
.3 Hot plate
.4 Centrifuge
Vortex mixer )
Extraction vials, 50-mi wifh plastic-lined screw caps
5 Lab glassware
. 5.7.1 Beakers, 150-ml1 size and 500-m1 tall-form
5.7.2 Centrifuge tubes, 50-ml glass and 100-m1 plastic
5.7.3 Glass ion exchange column, 8-mm-ID by 25-cm-long, fitted
with a stopcock
5.8 Transfer pipettes
5.9 Stainless steel disks
5.10 Multichannel analyzer system with sjlicon surface-barrier
detector(s).

A
5
5
5
5
5
5

NOY O PN

6. Reagents

6.1 Hydrochloric acid (HC1), 0.1M: Add 8.3 m1 of concd HC1 to
500 m1 of water and dilute to 1 Titer with water.
6.2 Nitric acid (HNO3), 8M: Add 500 m1 of concd HNO3 to 500 ml of
water.
6.3 Nitric acid (HNO3), concentrated
6.4 Nitric acid-aluminum nitrate solution: Dissolve 250 g of
aluminum nitrate nonahydrate [A1(NO3)3<9H,0] in 500 ml of 8M
HNO3.
6.5 Ammonium hydroxide (NH4OH), concentrated
6.6 Plutonium-242 tracer: Dilute an NBS-certified (or equivalent)
solution of plutonium-242 to a concentration of 10 dis min~! m1~!
with 2M HNO3 and store in glass.
6.7 Nitric acid (HNO3), 2M: Add 125 ml of concd HNO3 to 500 ml of
) water and dilute to 1 Titer with water.
6.8 Nitric acid (HNO3), TM: Add 500 m1 of 2M HNO3 to 500 ml of water.
6.9 Sodium bisulfite (NaHSO3), powder
6.10 Sodium nitrite (NaNO,), crystals
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6.11 Sodium fluoride (NaF) solution, saturated: Add 45 g of NaF
to 1 Titer of water and mix thoroughly.

6.12 Thenoyltrifluorcacetone (TTA)-xylene solution, 0.5M TTA: Dis-
solve 111 g of SC4H3COCH,COCF3 (TTA) in xylene and dilute to
1 Titer with xylene.

6.13 Ferric nitrate solution, 0.1M: Dissolve 40.4 g of ferric nitrate
nonahydrate [Fe(NO3)3+9H,0] in water and dilute to 1 Titer with
water. :

6.14 Hydroxylamine hydrochloride solution, 5M: Dissolve 347.5 g
of hydroxylamine hydrochloride (NH,OH-HC1) in water and dilute
to 1 Titer with water.

6.15 Hydrochloric acid-hydroxylamine hydrochloride solution, 0.5M
HC1-0.05M NH,OH<HC1: Add 42 ml of concd HC1 and 10 ml1 of 5M
NH,OH-HC1 to 500 m1 of water and dilute to 1 Titer with water.

6.16 Praseodymium carrier solution: Dissolve 12.82 g of praseodymium
nitrate dihydrate [Pr(NOs);+2H,0] in 500 m1 of water and dilute
to 1 liter with water.

6.17 Anion exchange resin: Dowex 1-X4 (50-100 mesh, chloride form)
or equivalent. -

6.18 Sodium hydroxide (NaOH) solution, 6M: Dissolve 240 g of NaOH
in 500 m1 of water and dilute to 1 liter with water.

6.19 Hydrochloric acid (HC1), 8M: Add 666 ml of concd HC1 to 334 ml of
water. '

6.20 Sodium nitrite solution (NaNO,), 3M: Dissolve 10.4 g of NaNO,
in water and dilute to 50 ml with water. Make fresh daily.

Procedure

7.1 Transfer a known weight of ashed sample (5 to 10 g) to a 500-ml
tall-form beaker, add enough 4M HC1 to moisten, and take to
dryness on a hot plate. )

7.2 Add enough concd HNO3 to wet the sample and take to dryness on
a hot plate.

7.3 Repeat step 7.2 until the sample is the consistency of heavy '

' syrup.

7.4 Dissolve the residue with heat in 0.1M HC1 and dilute to 100 mi
with 0.1M HCI1.
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Add T ml1 of plutonium-242 tracer solution of a precisely known

disintegration rate.

Adjust the sample solution to a pH range of 1.0 to.1.5 using

6M NaOH.

Add approximately 0.1 g of NaHSO; per gram of ashed sample.

Place on hot plate and bring near to boiling while stirring.

Reduce heat and continue to digest for 2 h at 50°C while main-

taining the volume with water. Plutonium reduces to Pu*3,

Remove the sample from the hot plate and slowly stir in saturated

NaF until the sample solution begins to cloud.

Stir frequently for the next 30 min. Allow the precipitate

to settle overnight.

Decant the supernatant solution, transfer the precipitate to a

100-m1 plastic centrifuge tube, centrifuge for 10 min at

2000 rpm, and discard the supernatant solution.

Wash the precipitate with water, centrifuge for 10 min. at

2000 rpm, and discard the wash solution.

Dissolve the precipitate in 5 to 10 m1 of HNO3-A1(NO3); solution.

Transfer the dissolved sample to a 150-m1 beaker using 8M

HNO3 to rinse the centrifuge tube.

Adjust the volume to 50 ml with 8M HNO3, add 250 mg .of NaNO,

crystals, place on hot plate, rapidly bring to a boil, and

immediately remove from heat.

Allow the sample to digest for 20 min in the oxidizing solution

to oxidize plutonium to Put".

While the sample is digesting, prepare a resin column as follows.

7.17.1 Place a glass-wool piug in the bottom of the column
described in step 5.7.3.

7.17.2 Slurry the resin (see step 6.17) with water and immediately

discard the fines by decanting. Repeat as necessary
until fines are removed.

7.17.3 Transfer 4 ml of the resin to the column with water.
Prevent any channeling by maintaining the solution level
above the resin using the stopcock.
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7.17.4 Place a glass-wool plug on top of the resin.

7.17.5 Convert the resin to the nitrate form by passing several
column volumes of 8M HNO3 through the column until the
resin is free of chloride ions.

7.18 Transfer the sample solution, which should be at room tempera-
ture, to the prepared resin column and allow it to flow through
the column at a rate of 2 mi/min. Discard the effluent solution.

7.19 Rinse the beaker with 25 ml of 8M HNO3 and transfer the rinse
to the column. Allow the 8M HNO3 rinse to flow through the
column at a rate of 2 mi/min. Discard the effluent solution.

7.20 Rinse the beaker with 25 ml of 8M HC1 and transfer the rinse to

the column. Allow the 8M HC1 rinse to flow through the column
at a rate of 2 mi/min. Discard the effluent solution.

7.21 Add one drop of 0.1M Fe(NO3)s and 1 ml of 5M NHoOH-HC1 to the
column. Open the stopcock and allow the solution to drain to
the top of the resin bed, then stop the flow. Discard the
effluent solution.

7.22 Add 4 ml of O.SM_HCl-0.0SM_NszH-HC1 solution. Place a 50-ml
glass centrifuge tube under the column. Allow 3 ml of solution
to drain into the tube and close the stopcock.

7.23 Allow 20 min digestion time for reduction of the plutonium to
puts,

7.24 Add 25 m1 of 0.5M HC1-0.05M NH,OH-HC1 solution. Pass the solution
through the column at a fiow rate of 2 ml/min into the 50-ml

" tube.

7.25 Add 1 m1 of praseodymium carrier to the sample solution in the
50-m1 tube and mix thoroughly.

7.26 Add concd NH,OH with stirring to a pH of 9. Allow 15 min
digestion time. :

7.27 Centrifuge for 10 min at 1500 rpm and discard the supernatant
solution. : _

7.28 Wash the precipitate with water, centrifuge, and discard the
water-wash solution.
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7.29 Dissolve the precipitate in-six drops of concd HNO3 and transfer
the dissolved sample to a 50-m1 extraction vial with 5 ml of
1M HNO3. Add 10 drops of 3M NaNO,, mix well, and allow 20 min
digestion time.

7.30 Add 1 ml of 0.5M TTA-xylene solution and extract on a Vortex
mixer for 10 min.

7.31 Centrifuge for 2 min to separate the phases. Discard the
aqueous phase.

7.32 Scrub the TTA extract with 5 ml of 1M HNO3. Centrifuge and
discard the aqueous phase.

7.33 Transfer the- TTA to a stainless steel disk placed on a hot plate
set at 150°C. Allow the TTA to dry thoroughly.

7.34 Flame the stainless steel disk to a red heat.

7.35 Measure the alpha activities by pulsing with a silicon surface-
barrier detector coupled to a multichannel analyzer.

8. Calculations

239py

ACM/DE , Bq/g ,
BCM/DE , Bg/g ,

where

= net integrated counts of 238Py from pulse analysis,
= net integrated counts of 23°Pu from pulse analysis,
dis/min of 2%2py added,

= net integrated counts of 2%2Pu from pulse analysis,
= weight of sample,

M = conversion factor to Bq; 1 Bq = 60 dis/min.

H Y9 Q w s
i

9. Precision and accuracy

9.1 The precision is estimated to be +20%. The accuracy has not
been established.
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ﬁ‘ , 3.1

Radiochemical Method for Determining Strontium-90 in Fish
(performed by Analytical Chemistry Division Laboratory)

Source: Envirommental and Effiluent Analysis Manual,
Union Carbide, Nuclear Division

1. Scope and Application

1.1 This method is applicable to the determination of strontium-90
in fish.

2. Summary of Method

2.1 Strontium-90 is determined indirectly by measuring the yttrium-90
daughter activity (Ty/2 = 64 h).

2.2 Yttrium carrier is equilibrated with the dissolved sample,
precipitated as the fluoride and hydroxide, extracted into
tributyl phosphate (TBP), back-extracted from the organic phase,
precipitated as the hydroxide, and finally precipitated as the
oxalate, which is mounted for beta counting and counted on a

(7 Tow-background beta counter.
T 2.3 The lowest reported concentration is 0.74 x 10-3 Bq/g (2 x 10-2
pCi/g) of ashed sample. '

3. Sample handling and preservation

3.1 Fish samples are weighed to determine the wet weight, dried in
an oven at 105°C, and ashed in a muffle furnace at 525°C until
free of carbon. The ashed weights are measured, and the wet
weight to ashed weight ratios are determined.

3.2 Ashed samples are stored in airtight glass or plastic containers.

4, Interferences

4.1 Calcium and phosphate are major chemical interferences.

4.2 High concentrations of rare earth beta emitters interfere in the
beta counting of yttrium-90. Decay counting is recommended for
a purity check.

5. Apparatus

((" ; 5.1 Drying oven
~ 5.2 Muffle furnace
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6.

5.3 Hot plate
5.4 Centrifuge
5.5 Vortex mixer
5.6 Filter flask and funnel
5.7 Low-background beta counter
5.8 Extractions vials, 50-ml with plastic-lined screw caps
5.9 Lab glassware
5.9.1 Beakers, 50-ml1 size and 500-ml1 tall-form
5.9.2 Centrifuge tubes, 50-ml glass and 100-ml1 plastic
5.10 Filter paper, Whatman No. 541 (11 cm), Whatman No. 1 (18 mm).
5.11 Transfer pipettes
5.12 Analytical balance
5.13 Fritted-glass filter crucibles
5.14 Desiccator
Reagents
6.1 Hydrochloric acid (HC1), 0.1M: Add 8.3 ml of concd HC1 to

500 m1 of water and dilute to 1 Titer with water.

Hydrochloric acid (HC1), 4M: Add 333 ml of concd HC1 to 500 ml

of water and dilute to 1 Titer with water.

Hydrochloric acid (HC1), 6M: Add 500 ml of concd HC1 to 500 mi

of water. )

Hydrochloric acid (HC1), concentrated

Nitric acid (HNO3), 8M: Add 500 ml of concd HNO3 to 500 ml of

water.

Boric acid (H3B03) solution, saturated: Add 55 g of H3BO3 to

1 Titer of water and mix thoroughly.

Nitric acid (HNO3), concentrated

Ammonium hydroxide (NH,OH), concentrated

Sodium fluoride (NaF) solution, saturated: Add 45 g of NaF to

1 liter of water and mix thoroughly. '

Oxalic acid solution, saturated: Add 110 g of H,C,04°2H,0 to

1 Titer of water and mix thoroughly.

Tributyl phosphate (TBP), 100% .

6.11.1 Equilibrate equal volumes of concd HNO3 and 100% TBP
by shaking for 2 min in a separatory funnel. Allow
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(7;,; phases to separate and discard the aqueous phase. Store
the prepared TBP in glass.
6.12 Ethyl alcohol (C,HsOH), 95%
6.13 Diethyl ether (C,Hs50C,Hs), anhydrous
6.14 Yttrium carrier solution: - Dissolve 18 g of yttrium nitrate
hexahydate [Y(NO3)3-6H,0] in a minimum of HNO; and dilute to
1 Titer with water.
6.14.1 Standardization of yttrium carrier: Pipette 5.00 ml of
yttrium carrier solution into a 50-m1 beaker, add
20 ml of water, heat the solution to boiling, and add
15 m1 of a saturated oxalic acid solution with stirring.
Transfer the precipitate (while it is still hot) to a
previously tared filter crucible. Wash all of the pre-
cipitate from the beaker with hot water. Dry the
precipitate using three 10-ml1 portions of 95% ethyl
alcohol and two 10-ml portions of diethyl ether. Desic-
. cate the crucible and precipitate to a constant weight.
. (f; The net weight of the precipitate is the weight of
yttrium oxalate, Yo(C50y)3+9H,0, in 5.00 m1 of the
yttrium carrier solution.

7. Procedure

7.1 Transfer a known weight of ashed sample (5 to 10 g) to a 500-ml
tall-form beaker, add enough 4M HC1 to just moisten the sample,
and take to dryness on a hot plate.

7.2 Add enough concd HNO3 to thoroughly wet the samp]e and take to
dryness.

7.3 Repeat step 7.2 until the sample is the consistency of heavy
syrup.

7.4 Dissolve the residue in a minimum of 6M HC1 with heat and dilute
to 100 m1 with 0.1M HC1.

7.5 Remove any undissolved material by filtering through Whatman
No. 541 filter paper into another 500-ml1 beaker.

7.6 Add 2 ml of yttrium. carrier solution to the sample.
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7.7

7.8

7.9

7.10

7.11

7.12

7.13

7.14

7.15

7.16

7.17

7.18

7.19

7.20

7.21

7.22
7.23

7.24

Place the beaker containing the dissolved sample and carrier
on a hot plate and heat to near boiling for 20 min to
equilibrate.

Remove from the hot plate and slowly stir in saturated NaF
until the sample begins to cloud.

Stir frequently for 30 min and allow the precipitate to settle
overnight.

Decant the supernatant solution and transfer the precipitate
to a 100-m1 plastic centrifuge tube.

Centrifuge at 2000 rpm for 10 min and discard the supernatant
solution.

Wash the precipitate with water, centrifuge at 200 rpm for

10 min, and discard the wash solution.

Dissolve the precipitate in a minimum of saturated H3BO; and
concd HNOs.

Dilute with 15 ml of water and add concd NH,O0H to a pH of 9.
Centrifuge for 10 min at 2000 rpm and discard the supernatant
solution. Wash the precipitate with water, centrifuge, and
discard the wash solution.

Dissolve the precipitate in concd HNOj.

Transfer the sample to a 50-ml1 extraction vial, rinsing the
centrifuge tube with a minimum of concd HNOj.

Add an equal volume of 100% TBP and extract for 10 min on a
Vortex mixer.

Centrifuge for 2 min and discard the aqueous phase. Record time

as separation time for yttrium-90.

Scrub the TBP with an equal volume of concd HNO3, centrifuge,
and discard the aqueous phase.

Add an equal volume of water to the TBP and backextract for
10 min on a Vortex mixer.

Centrifuge for 2 min.

Using a transfer pipette, transfer the aqueous phase to a 100-ml

centrifuge tube.
Repeat steps 7.21, 7.22, and 7.23 two more times, combining
the water strips in the same 100-ml centrifuge tube.
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9.

7.25 Discard the organic phase.
7.26 Add concd NH,OH, with stirring, to a pH of 9.
7.27 Cool to room temperature, centrifuge, and discard the supernate.
7.28 Wash the precipitate with water, centrifuge, and discard the
water wash.
7.29 Dissolve the precipitate with 2 m1 of 6M HC1 and dilute to
15 mi1 with water. '
7.30 Heat to boiling and add 15 ml of saturated oxalic acid.
7.31 Place in an ice bath and stir to precipitate the yttrium oxalate.
7.32 Centrifuge and discard the supernate.
7.33 Place a tared 18-mm filter paper in the filtering funnel and
wet with water, using vacuum on the filtering flask.
7.34 Transfer the precipitate onto the filter with hot water, wash
with two 10-ml1 portions of hot water, three 5-ml portions of
95% ethyl alcohol, and two 5-ml portions of diethyl ether.
7.35 Weigh the filter paper and precipitate and determine the chemical
recovery.
7.36 Mount the sample for beta counting and count on a low-background
" beta counter.

Calculations

90Sy = ABM/DEF , Bq/g ,

where
4 = net counts per minute of purified °0Y, '_
B = the efficiency factor for °20Y,
D = fraction of yttrium carrier recovered,
E = fraction of 2%Y remaining at count time, .
F= we{ght of ashed sample analyzed, and
M = conversion factor to Bq; 1 Bq = 60 dis/min.

Precision and Accuracy

9.1 The precision is estimated to be #20%; no data are available
for determining the accuracy.
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4. WATER SAMPLING

The concentration of radionuclides in water is determined by the

" collection and analysis of rainwater and water samples from designated

areas. These areas include Melton Hi1l Dam, White Oak Dam, White Oak
Creek, K-25 water intake, Kingston water supply, and potable water at
ORNL. Water samples are collected daily, weekly, or monthly depending
on the location. The samples are analyzed by gamma spectrometry, ion
exchange, atomic absorption, alpha range analysis, gravimetric, fluoro-

metric, volumetric, colorimetric, turbidity, infrared, and other techniques.

4.1




3.

4.1 Routing Procedures for Water Stations

Gallaher Water SampTing Station (GWSS)

Call K-25 Environmental Management Group (4-8223) before leaving
ORNL. They will unlock the gate to the Gallaher Water Sampling
Station and the door to the pumping station building. Drive from
ORNL parking Tot on White Oak Avenue and turn left onto Sixth
Street. Continue to the West Portal. Proceed through the gate and
turn right. Continue for approximately 0.2 km (0.1 mile) and turn
left onto Bethel Valley Road. Drive approximately 3.2 km (2 miles)
on Bethel Valley Road to the intersection of Highway 95. Turn right
onto Highway 95 and continue to Bear Creek Road; turn left onto Bear
Creek Road and drive approximately 5.6 km (3.5 miles). Turn left
onto the Gallaher Water Sampling Station road. Continue through
the gate for approximately 91 m (100 yd) to GWSS. Lock door and
gate upon Teaving station.

Melton Hi11 Dam

Proceed from ORNL parking 1ot on White Oak Avenue. Turn left
onto Sixth Street and continue to Central Avenue and through the
West Portal. Turn left onto Lagoon Road. At the intersection of
Lagoon Road and Highway 95, turn left. Proceed approximately
1.5 miles and turn left onto Melton Hi11 Dam Road. Continue approxi-
mately 0.5 miles and turn Teft at gates. The water station is on the
left behind the switch yard. Key No. 3D-7 will open the door.

Kingston

Proceed to the East Gate, turn left, and go through the parking
Tot. Turn left onto Bethel Valley Road and proceed 2.0 miles to the
intersection of Highway 95. Turn right onto Highway 95 and travel
3.4 miles to the intersection of Highways 58/95. Turn left onto
Highway 58S and continue 6.6 miles to the intersection of Highways
58/70. Turn right onto Highway 70 and travel 3.9 miles to the second
red Tight in Kingston. Turn left onto Highway 58S and drive
1.1 miles to the Kingston Water Station. The station is on the left
behind the South West Apartments.

4.1.1
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4.

White Oak Dam ' )

Proceed from ORNL parking 1ot on White Oak Avenue. Turn left
onto Sixth Street and continue to Central Avenue through the West
Portal. Turn left onto Lagoon Road. At intersection of Lagoon Road
and Highway 95, turn left. Proceed approximately 0.5 mile (bypassing
PAM 34). White Oak Dam is on the left. ‘Key No. 3D-9 will open the
door of the station. Lock the door upon leaving.

White Oak Creek

Proceed from the parking lot on White Oak Avenue to Sixth

Street. Turn left onto Sixth Street and continue to Central Avenue

and through the West Portal. Turn left onto Lagoon Road and con-

tinue to the intersection of Lagoon Road and Highway 95. Turn left

onto Highway 95 and proceed approximately 0.4 mile (bypassing PAM 34)

and turn right onto Jones Island Road. Proceed approximately 1 mile.

The White Oak Creek station is on the left near the Clinch River.

Key No. 3D-7 will open the door; Tock the door upon Teaving. .
After collecting the water sample, the technician should .)

reverse the directions and return to ORNL.

4.1.2
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2.

3.

4.2 Procedure for Determining the Concentration of Radionuclides

in Composited Quarterly Water Samples by Ion Exchange Techniques

Objective

fhis procedure is performed to monitor the waterways by con-
centrating minute quantities of radionuclides via ion exchange
chromatography. Elutriants are sent to the Analytical Chemistry
Division for spectral and quantitative analysis.

Summary

Before collection, the 26-liter jug is cleaned with detergent
and rinsed with tap water plus 500 ml1 of 5M HNO3. The final rinse
is with distilled water; pour 500 ml of distilled water and 70. ml of
concd HC1 into the jug and deliver to the station. For information
'on water charts concerning the collection of water at the Gallaher
and Melton Hi11 Water Sampling Stations, see the Appendix. At the
Kingston Water Station, the sample jug is exchanged with the atten-
dant who adds 1 1liter of untreated water for each day of the
collection period. The collection period is once per month for
Gallaher and Melton Hi1l and twice monthly for Kingston. The pH of
the sample should be <! and adjusted with concd HCL. The pH is
readjusted to >5.0 in the laboratory with sodium hydroxide. One
half of the sample is concentrated on the columns, and the other half
is evaporated to 150 m1. The bound radionuclides are eluted from
the columns with 500 m1 5M nitric acid (HNO3) and evaporated to
100 m1 for spectral and quantitative radionuclide analysis.

Reagents

3.1 Nitric'acid (HNO3), 15.9M stock, concentrated

3.2 Hydrochloric acid (HC1), 12M, concentrated

3.3 Anion exchange resin, Dowex-Copolymer 504, 1 X8, 50-100 mesh)
3.4 Cation exchange resin, Dowex 50 x 8, 50-100 mesh

Ion Exchange Column Preparation

4.7 Place Dowex cation or anion resins (at least 300 ml of solid)
in distilled H,0. Stir and allow to swell overnight.

4.2.1
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4.2 Aspirate the fluid phase of the resin preparation and resus-
pend resin in about one-quarter volume of distilled water and
allow to settile. .

4.3 Acid clean (HC1) the glass column. Stopper the bottom with
glass wool and pour a suspension of resin into the column. Allow
the resin to settle. Column should contain about 75 ml of
resin.

4.4 Connect column to filter and ion exchange assembly for radio-
nuclide concentration procedure. (See Fig. 4.2-1.)

Radionuclide Concentration Laboratory Procedure

5.1 Determine the volume of the water sample by:
5.1.1 measuring sample volume with a ruler, and
5.1.2 obtaining the approximate volume in the carboy from the
graph (volume in Titers per inch in carboy) located on a
wall in the water laboratory.

5.2 Remove 2 ml/liter of water sample for tritium analysis and
deliver the 2 ml1/liter composite sample to the Industrial
Safety and Applied Health Physics Division's Bio-Assay
Laboratory. _

5.3 Adjust pH to 5.0-6.0 with 5M HNOs.

5.4 Using a vacuum, filter acidified water sample through Whatman
No. 42 filter paper (18.5 cm). The vacuum will remove unwanted
carbonates that bind to ion exchange columns.

5.5 The sample is passed over the anion resin and the cation resin
at a flow rate of approximately 5 ml/min.

5.6 ‘Radionuclides from these columns must be eluted every 50 to
60 liters of flow sample.

5.7 Quarterly elutes containing the radionuclides and their complexes
should be taken from the column with 500 m1 of 5M HNO3. (The
proper concentration of HNO; is essential because a higher
concentration can damage the resin.)

5.8 Allow approximately 100 m1 of eluate to come off the anion and
cation columns (discard eluate). Collect 500 m1 of radionuclides

4.2.2
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from the columns after the formation of a connection or schlieren ‘>
type pattern.
5.9 Evaporate the eluate to 100 m1. Transfer sample (eluate) to a
clearly labeled 200-m1 polyethylene bottle.
5.10 This sample is sent to the Analytical Chemistry Division Labora-
tory for spectral and quantitative analysis.
5.11 Filters containing sediment and tritium composite water samples
should also be submitted.
5.12 Discard the column resin and prepare a new resin bed for the
next quarterly composite.

Additional Information

6.1 After the acidification of the samplies, the molarity of HCl1 in
the total solution should be between 0.01 and 0.02 after this
addition. ‘

6.2 Most of the radionuclide activity in water samples occurs in
colloidal-size particles. The sample is acidified before being
applied to the columns because: )
6.2.1 The walls of the container acquire a negative charge,

while the colloidal particles that have a higher surface

area acquire a positive charge and will electroplate

the sides of the container. Acid reduces this interaction.
6.2.2 Carbonates bind effectively to the columns and reduce

the bonding of radionuclides to the columns. Acid

hydrolyzes the nuclide-releasing carbonates, which are

then removed by the vacuum.

6.3 A polystyrene-divinyl benzene cross-linked resin is used with
strong acids and bases for the ion exchange chromatography.

4.2.4
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4.3 Procedure for Radionuclide Extraction from
Rainwater Samples

Objective

This procedure is followed to extract and concentrate radio-
nuclides contained in precipitation (rainwater) samples (Fig. 4.3-1).
The precipitation collected on the foof of the air mbnitoring
stations flows into a 26-liter polyethylene jug and an overflow jug
(Fig. 1.2-1). MWhen collecting the sample, the jug is disconnected
from the station, the particles resuspended, and the water poured
into a bottle labeled with the date, station, and estimates of water
in the carboy. For more information, refer to "Sample Collection at

Local and Perimeter Air Monitoring (LAM and PAM) Stations" (Sect. 1.1).

The radionuclides contained in these water samples are indications

of the activity deposited by washout due to rainfall or precipitation.

Summar

The water samples are passed through ion exchange resin columns
to extract the radionuclides. The nuclides are "stripped off" the
resin with a concentration of 5M nitric acid. The process of
"stripping" radionuclides from the charged resin columns is called
elution. The eluate (the nitric acid solution containing the
radionuclides) is evaporated to dryness on a metal planchet by
heating. The planchets are counted for gross-beta radiation. The
data are analyzed for indications of nuclide washout from periodic
rainfall in the ORNL area.

Reagents

3.1 Nitric acid (HNO3), 15.9M, concentrated
3.2 Cation exchange resin (Dowex 50-8X, 50-100 mesh size)

Ion Exchange Column Preparation

4.1 To a container of dry Dowex cation resin, add 300 ml of dis-
tilled water. Allow slurry (resin and water) to sit overnight

g 4.3.1
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4.2

4.3

4.4

4.5
4.6
4.7
4.8

4.9

at room temperature so that the water will absorb into the
bead-Tike resin. i

After allowing the resin to settle, carefully pour off water.
Add another 300 ml1 of distilled water to the resin and allow
the mixture to settle for 30 min. Repeat this step twice.
Wash eleven 16.5-mm glass columns and eleven 1000-m1 separa-
tory funnels with detergent and tap water, then with isopropyl
alcohol, and finally with 6M hydrochloric acid (HC1) (thoroughly
rinsing between washes with distilled water). -

Place a small aﬁount of glass wool in the bottom of each
glass column and just above the stopcock in the separatory
funnels. The glass wool will keep the slurry (prepared in
step 4.2) in the column. Each separatory funnel must contain

" glass wool to trap particulate matter from the rainwater

samples.

Pour 5 m1 of cation resin slurry into each glass column. Allow
the resin bed to settle into the column.

Apply stopcock grease to the bottom fixtures of each separatory
funnel. Turn the stopcock of the funnel to the off position.
Connect each prepared ion exchange column to a separatory
funnel with a clamp.

Add 150 m1 of distilled water to each separatory funnel, turn
the stopcock to the open position, and wash the resin column.
The columns are now ready for the radionuclide extraction
procedure. '

Radionuclide Extraction from Rainwater Samples

5.1

5.2

5.3

Carefully pour rainwater sample into the separatory funnel and
record date and number of centimeters of water in the 26.0-liter
carboy sampler on the Rainfall Data Sheet.

Obtain the rainfall data (centimeters) from the Rainfall Cali-
bration Graph and record the data on the Rainfall Data Sheet.
Obtain rainfall data computer cards for each water sample and
record the sample dates on and off and total rainfall (in
centimeters).

4.3.3
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1

.12

.13

Turn- the stopcock of the separatory funnel to the open position
(the flow rate should be about 1 to 2 drops/s). Allow the
sample to pass tﬁrough the resin column.

Turn the stopcock to the off position and discard the water that
has passed through the resin column.

Obtain a 50-m1 glass beaker for each column and label the
beaker with the sample number.

Pour 45 ml of 5M HNO; into the separatory funnel; turn the
stopcock to the on position, and collect the eluate in the
labeled 50-ml1 glass beaker. The flow rate should be about 1

to 2 drops/s. Do not allow the column to run dry.

Set beaker containing eluate on the hot plate in the control
hood and turn the control on the hot plate to the medium
position. Evaporate to dryness.

With a Pasteur pipette, add approximately 2 ml of 5M HNO; to
the eluate beaker. Swirl the acid around the beaker to dis-
solve any nuclides on the sides.

Transfer this solution to a labeled planchet and evaporate

to dryness on the hot plate.

After the planchets are dry, transfer the planchets and data
cards to the planchet carrier. Deliver samples to the counting
room for gross-beta analysis.

The 1-Titer bottles used for the LAM stations (rainwater samples)
and 50-m1 beakers can be reused after washing. The 1-liter
bottles used for the RAM stations are discarded.

Al1 planchets and Pasteur pipettes should be discarded in the
appropriate metal- and glass-waste containers, respectively.

4.3.4



4.4 Preparation Procedures for White Oak Dam and Mouth of
White Oak Creek Water Samples

Water samples from White Oak Dam (Fig. 4.4-1) and the mouth of

" White Oak Creek are delivered to the Department of Environmental Man

ment Laboratory on Monday morning for assaying. Samples at White Oa
Dam are proportional to the flow over the dam; this is accomplished

age-
k

through the use of a microprocessor computer system (Fig. 4.4-2). The

routine preparation includes both weekly and monthly procedures.

1. Weekly Procedures

1.1 White Oak Dam
1.1.1 The technictan should carry to the site of collecti
an 8-liter jug, a 1-liter bottle, and key no. 9 (to

on

unlock station). Inside the station are three barrels.

Water should be collected from the center barrel.
collection, the level of water in the barrel is mea

Before
sured

with a ruler. The level of water, date of collection,

time, and initials of the collector are recorded on
jug and bottle. The water in the center barrel is

the
stirred

and collected from the spout of the barrel. The excess

water is discarded into the drain.

1.1.2 The Geiger-Miller (GM) tubes are submerged in the water
between the gate and station. The GM tubes are removed

from the water, cleaned with a brush, and submerged
A box (shelter) on the platform above the dam house

again.
s the

flow charts. The flowchart should be removed and labeled
with the data, location, time off, and the technician's

initials. NOTE: The chart (located in the box) is
difficult to exchange; therefore, it is feasible to

very
seek

help from a trained technician. The lake height and scale
height are also read and recorded in a log book inside the

station. The technician should lock the gate when leaving.

4.4.1
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1.1.3

1.1.4

1.1.5

1.1.6

Take three 50-ml1 samples from the water jug and evaporate
to dryness in 10-m1 aluminum planchets. The planchets
are counted for gross-beta activity with a GM counter.
The efficiency of this counter is approximately 9% with
a background counting rate of 8 counts/min. The

average net count rate (counts min-! mi-!) is reported
to the shift supervisor at the end of the day. A per-
manent record is kept for future reference. '
Deliver a 1-liter and a 140-ml1 sample to the Industrial
Safety and Applied Health Physics Division Bio-Assay
Laboratory for plutonium, transplutonium, and tritium
analyses.

Deliver a 2-1iter sample to the Low-Level Laboratory in
the Analytical Chemistry Division for quantitative
analyses for strontium and gross alpha.

Save the remaining portion of the weekly sample for a
monthly composite. ~Do not combine these samples at this
time.

1.2 Mouth of White Oak Creek

1.2.1

1.2.2

1.2.3

The technician should carry an 8-liter jug and key No. 7
to the station. The amount of water in the jug should be
measured with a ruler and recorded on the sample jug. The
date and station should also be recorded on the jug. The
water is stirred and collected from the spout of the jug.
Excess water is discarded and the station is locked upon
leaving.

Deliver a 140-ml1 sample to the Bio-Assay Laboratory for
tritium analysis.

Save the remaining portion of the water for a monthly
composite. To make the composite sample from White Oak
Creek, pour 4 liters of water from each weekly sample
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szf, into a jug-and add 100 ml of 4M HC1. The total com-
posite sample volume is approximately 16 liters.

2. Monthly Procedures

2.1 White Oak Dam
2.1.1 Combine the weekly samples proportionally to the weekly
flow of water passing through the dam so that a total
monthly composite of 16 liters is available for assay-
ing. This may be calculated with the use of the con-
tinuously monitoring flow charts which record the daily
- flow of water through the dam. Accurate records of the
weekly and monthly flow of water through the dam is thus
recorded. To determine the amount of water to use from
each weekly sample (for the monthly composite), the total
weekly flow of water is divided by the total monthly
flow of water through the dam. This proportion is
multiplied by the number of milliliters of water deéired
(7' for the monthly composite (16,000 ml or 16 Titers).

41.9 x 1010 m]
104.97 x 1010 m1
16,000 m1l

Total weekly flow
Total monthly flow
Total monthly composite desired

1010
A M X 16,000 ml = 6387 m1

The number of milliliters of water calculated for each
week is added to the monthly composite jug.

2.1.2 Deliver a 1-1iter and a 140-m1 sample of the monthly
composite to the Bio-Assay Laboratory for plutonium,
tran$p1utonium, and tritium analyses. Also deliver a
1-liter sample of the monthly composite to the Analytical
Chemistry Division Low-Level Laboratory for tritium
analysis. The data can be confirmed by comparing the
results from Analytical Chemistry and the Bio-Assay
Laboratories.

4.4.5
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2.1.3

To 6 liters of the composite sample, add 25 ml of concd
HNO3. Evaporate the sample to 150 ml and deliver to
Analytical Chemistry for quantitative assaying of radio-
nuclides by gamma spectrometric techniques. The sample
is sent to the Low-Level Analytical Chemistry Laboratory
for the determination of radiostrontium content and
gross-beta activity.

2.2 Mouth of White Oak Creek

2.2.1

2.2.2

Deliver a 140-m1 sample and a 1-Titer sample of the
monthly composite to the Bio-Assay Laboratory and the
Analytical Chemistry Division Laboratory, respectively,
for tritium analysis.

To 6 Titers of the monthly composite sample, add 25 ml

of concd HNO3. Evaporate sample to 150 ml and deliver

to Analytical Chemistry Division (Special Project Labora-
tory) for quantitative assaying of radionuclides by gamma
spectrometric techniques. The sample is sent to the Low
Level Analytical Chemistry Laboratory to determine the
radiostrontium content and gross-beta activity.
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4.5 Determining Iodine Act{;ity in Aﬁueous Solutions
(performed by Analytical Chemistry Division Laboratory)

Source: Environmental and Effiluent Analysis Manual,
Union Carbide, Nuclear Division

Scope

This method is applicable to the determination of iodine in
aqueous solutions. The two most important iodine isotopes deter-
mined are jodine-131 and, with modifications, jodine-129.

Summar

Iodine activity is separated from other fission products by
oxidation to periodate with sodium hypochlorite in basic solution,
followed by reduction of the periodate to iodine with hydroxyl-
amine hydrochloride and extraction of the iodine into carbon
tetrachloride. The jodine is removed from the carbon tetra-
chloride by extraction into water that contains sodium bisulfite.

It is then purified by another carbon tetrachloride extraction cycle
using sodium nitrite for the oxidation of iodide to iodine and using
sodium bisulfite for the reduction of iodine to jodide. The iodide
is finally precipitated as silver iodide, washed with ethanol and
ether, and then air dried, weighed, and mounted. The jodine activity
is counted in a low-background beta counter. The oxidation of
iodide to periodate with sodium hypochlorite in a basic solution
ensures complete interchange of radioiodine with the carrier.

Status

The relative standard error of the method is thought to be
+5%. Contamination of the iodine activity by other fission
activities is negligible.

Todine activity in the form of free iodine in organic samples
is determined by this method. The behavior of the oxidized states
of jodine in organic samples has not been investigated. However,
analyses of organic streams that contain iodine-131 are currently
being made with excellent recovery of the activity. The chemical

4.5.1
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yield is 80% or betteﬁ, and the time required for a complete analysis
is 45 to 60 min. Iodine-129 analyses require more extensive treat-
ment with a resultant longer analysis time.

Apparatus

4.1 Separatory funnels, 1-liter
4.2 Glass extraction vials, 50-ml

Reagents

5.1 Sodium hypochlorite (NaOC1) solution, approximately 5% NaOC]

5.2 Sodium nitrate (NaNO,) solution, approximately 1M NaNO,. Prepare
by dissolving 69 g of NaNO, in 1 liter of distilled water.

5.3 Carbon tetrachloride (CC1,)

5.4 Sodium carbonate (NayC03), 2M

5.5 Nitric acid (HNO3), concentrated

5.6 Hydroxylamine hydrochloride (NH,OH-HC1), ™

5.7 Sodium bisulfite (NaHSO03), 1M

5.8 Nitric acid (HNO3), 6M

5.9 Silver nitrate (AgNO3), 0.1M

Safety

CAUTION: Carbon tetrachloride is a toxic substance.

Sampling

Measure at least 250 ml of water samples.
Procedure

8.1 Interchange of iodine with carrier

8.1.1 Place 10 m1 of 2M Na,CO; solution and 2 ml of iodine
carrier in a 500-m1 separatory funnel. Pipette into
the funnel approximately 250 ml of the sample. Record
the volume of the sample taken. Add 2 ml of 5% NaOCI
solution. Swirl to mix. Acidify the solution by
adding sTowly 3 to 4 ml of concd HNO3. Add 3 to 5 ml
of 1M NH,O0H<HC1 solution and 25 ml of CCl,. Extract
the iodine into the CCl,. Draw off the CC1, Tayer into a
new separatory funnel, then discard the aqueous layer.
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8.1.2 Back-extract the iodine from the CCl, layer with 10 ml
of H,0 that contains 3 to 5 drops of 1M NaHSO3 solution
until both phases are colorless, then discard the CCl,.

8.1.3 To determine iodine-129, encapsulate the aqueous solu-
tion and irradiate with iodine-129 standard for =0.5 h
at 1012 nem~2 s-!, then determine iodine-130 follow-
ing the procedures in step 9.

Determination of jodine activity

9.1 Add 1 ml of 6M HNO3 solution, 3 to 5 drops of 1M NaNO, solution,

9.2

9.3

9.4

9.5

and 10 m1 of CCl,. Extract the iodine into the CCl,, draw off
the CC]u Tayer into a new separatory funnel and discard the
aqueous layer.

Shake the CC1, layer with 10 m1 of H,0 that contains 3 to 5 drops

of 1M NaHSO; solution until both phases are colorless. Discard
the CCl, layer and drain the aqueous layer into a 50-ml glass
centrifuge tube.

Acidify the solution with 1 ml of 6M HNO3 solution and heat the
solution nearly to boﬂing.* Add by drops 2 ml of 0.1M

AgNO; solution. Digest the precipitate of Agl with occasional
stirring.T -

Weigh a 25-mm watch glass together with a Whatman No. 40 filter
paper disk ot 1.7-cm diameter and record the tare in grams

on a data card. Place the filter paper in a Hirsch funnel and
apply suction. Transfer the precipitate onto the tared filter
paper disk.

Wash the precipitate three times with H,0, three times with
ethanol, and three times with ether. Dry by allowing suction
to continue for 1 min.

cipitate.

The purpose of the acidification and heating is to expe] S0, wh1ch
might interfere in the Agl precipitation.

+AgI tends to form both a milky suspens1on and 1arge clumps of pre-

The digestion procedure aids in coagulating the suspension and

(1’ . and also in breaking up the large particles of precipitate.

4.5.3
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9.6 Place the precipitate and paper on the 25-mm watch glass. Weigh
and record the total weight in grams on the data card as gross
weight.

9.7 Calculate the net weight of the Agl precipitate.

9.8 Mount the precipitate for counting.

Working Bibliography for Sect. 4.5

D. N. Hume, N. E. Ballou, and L. E. Glendenin, "Iodine, Hypochlorite-
Hydroxylamine Method," 4 Manual of the Radiochemical Determination of
Fission Product Activities, CN-2815, pp. 45-47 (June 30, 1945).

B. H. Ketelle, H. Zeldres, A. R. Brosi, and R. A. Dandl, "Gamma-Coincident
Beta-Spectra of 1311," Pnys. Rev., 84, 585 (1951).

S. A. Reynolds, "Routine Methods of Radioisotope Analysis," ORNL-256,
Sect. II, p. 2 (July 23, 1948).
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4.6 Radiochemical Method for Determining Strontium in Water
(performed by Analytical Chemistry Division Laboratory)

Source: Envirommental and Effluent Analysis Manual,
Union Carbide, Nuclear Division

Scope and Application

This method is applicable to the determination of strontium-90
in potable, natural, and industrial waters.

Summary of Method

2.1 Strontium carrier is equilibrated with the sample, precipitated
as the insoluble carbonate, and separated from calcium and
magnesium by nitrate precipitations followed by acetone washes.
Further precipitation is accomplished by removing impurities
with hydroxide scavenging and by removing barium as the chromate.
Final purification is made by precipitation of strontium as the
oxalate, which is mounted for beta counting. The sample is
counted on a Tow-background beta counter.

2.2 The lowest reported concentration is 7.4 x 10~* Bg/ml
(2 x 1072 pCi/ml) for a 1-liter sample aliquot.

Sample Handling and Preservation

3.1 Samples are adjusted to a pH of 1 with nitric acid as soon as
practicable unless suspended and/or soluble strontium deter-
minations are needed, in which case the samples are filtered
before being adjusted with acid.

3.2 After preliminary treatment, the samples are stored in either
glass or plastic containers.

Interferences

4.1 Strontium-89, when present in the sample, interferes with the
beta counting of strontium-90. The presence of strontium-89
can be ascertained by absorption studies, and its interference
can be circumvented by indirect determination of strontium-90
via the yttrium-90 daughter after adequate ingrowth.
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6.

4.2 Due to self-absorption, the counting efficiency for strontium-90
varies with the amount of solids which are counted on the
mounts.

Apparatus

5.1 Lab glassware
5.1.1 Beakers, size adequate for sample aliquot
5.1.2 Centrifuge tubes, 50-ml glass

5.2 Centrifuge

5.3 Hot plate

5.4 1Ice bath

5.5 Filter paper, Whatman No. 541 (11-cm)
5.6 Filter paper, Whatman No. 1 (18-mm)
5.7 Analytical balance

5.8 Filter flask and funnel

5.9 Fritted-glass filter crucibles

5.10 Desiccator

5.11 Low-background beta counter

Reagents

6.1 Acetic acid, 6M: Add 340 ml of glacial acetic acid (CH3COOH)
to 500 ml of water and dilute to 1 liter with water.

6.2 Ammonium acetate solution, 6M: Dissolve 462 g of ammonium
acetate (NH4C,H30,) in 500 ml of water and dilute to 1 liter
with water.

6.3 Sodium carbonate solution, 2M: Dissolve 248 g'of sodium car-
bonate monohydrate (Na,CO3<H,0) in 700 ml of water and dilute
to 1 liter with water.

6.4 Ammonium oxalate solution, saturated: Add 200 g of ammonium
oxalate monchydrate [(NHQ)ZCZOQ-Hzo]\to 500 m1 of water in a
1-liter container, dilute to 1 liter with water, mix thoroughly,
and let stand overnight before using.

6.5 Sodium chromate solution, 1.5M: Dissolve 176 g of sodium chromate
tetrahydrate (NayCrO,-4H,0) in water and dilute to 500 ml with
water.

4.6.2
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6.6

6.7
6.8

6.9

6.10

6.11
6.12

6.13
6.14
6.15
6.16

Barium carrier solution, 10 mg Ba/ml: Dissolve 19.0 g of
barium nitrate [Ba{NO3),] in water and dilute to 1 liter with
water.

Nitric acid (HNO3), fuming

Ferric nitrate solution, 50%: Dissolve 100 g of ferric nitrate

nonahydrate [Fe(NO3)3-9H,0] in water and dilute to 100 ml with

water. ,

Ferric nitrate solution, 0.1M: Dissolve 40.4 g of ferric

nitrate nonahydrate [Fe(NO3)3-9H,0] in water and dilute to

1 Titer with water. X

Nitric acid, 6M: Add 375 ml of concd HNO3 to 500 ml of water

and dilute to 1 liter with water.

Acetone

Sodium hydroxide solution, 19M: "Slowly add 760 g of sodium

hydroxide (NaOH) to 500 ml of water and dilute to 1 liter with

water. Store in a plastic container.

Ethyl alcohol (CoHsOH), 95%

Diethyl ether (C,Hs50C,Hs), anhydrous

Ammonium hydroxide (NHQOH), concentrated

Strontium carrier solution: Dissolve 27.3 g of strontium

nitrate [Sr(N03),] in a minimum of HNO; and dilute to 1 Titer

with water.

6.16.1 Standardization of strontium carrier: Pipette 5.00 ml
of strontium carrier solution into a 100-m1 beaker and
add 30 ml of water. Adjust the pH to 9 with concd
NH,OH, add 10 m1 of saturated (NHy)2C20, solution, and
heat to nearly boiling with stirring. Cool to room

* temperature and quantitatively transfer the precipitate
to a previously tared filter crucible with hot water.
Wash the precipitate several times with hot water, three
times with 10-m1 portions of ethyl alcohol, and two
times with 10-m1 portions of diethyl ether. Desiccate
the crucible and precipitate under vacuum to a constant
weight. The net weight is the weight of strontium
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oxalate monohydrate (SrC,0,+H,0) in 5.00 m1 of the
strontium carrier solution.
Phenolphthalein indicator solution, 5%. Dissolve 5 g of phenol-
phthalein (C,oH;4,0,) in 50 ml of 95% ethyl alcohol and dilute
to 100 ml with water.

Procedure

7.1

Transfer a measured volume of the sample to an adequately sized
beaker and adjust to a pH of 1 with nitric acid if not pre-
viously adjusted.

Add 1.00 m1 of the standardized strontium carrier solution and
1 ml of 50% ferric nitrate solution.

Place on a hot plate and heat with stirring to near boiling.
Digest for 20 min.

Cautiously add 19M NaOH, with stirring, to a pH of 10.

Add 50 m1 of 2M Na,CO; solution and continue to digest on the
hot ptate with stirring for 30 min.

Remove from the hot plate and allow the precipitate to’ settle
overnight.

Decant the supernatant 1iquid and discard it.

Transfer the precipitate to a 50-m1 glass centrifuge tube,
centrifuge for 5 min at 1500 rpm, and discard the supernatant
liquid.

Wash the precipitate with 30 ml of water, centrifuge, and
discard the water wash solution. _

Dissolve the precipitate in a minimum of concd HNO3, and then
add 25 m1 of fuming HNOj.

Place the tube in an ice bath and stir the solution until pre-
cipitatidn is complete.

Remove the tube from the ice bath and centrifuge at 1500 rpm
for 5 min. Decant the supernatant solution into a large volume
of water and discard. Drain the tube completely (leaving a
minimum of HNO3) as a precaution against any adverse reaction
with the acetone wash which follows.
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7.13 Add 30 ml of acetone and wash the precipitate thoroughly while
stirring. ‘

7.14 Centrifuge for 5 min at 1500 rpm and decant the acetone wash
solution into a clearly marked organic-waste container.

7.15 Dissolve the precipitate in a minimum of water.

7.16 Repeat steps 7.10 through 7.14 starting with the addition of
fuming HNO3 in step 7.10.

7.17 Dissolve the precipitate in 10 m1 of water.-

7.18 Add two drops of phenolphthalein indicator solution and 0.5 mil
of 0.1M Fe(NO3)3 solution.

7.19 Add concd NH,OH by drops, with stirring, until the phenol-
phthalein end point is reached, then add five more drops.

7.20 Centrifuge for 5 min at 1500 rpm.

7.21 Filter the supernatant solution through Whatman No. 541 filter
paper into another 50-ml glass centrifuge tube; discard the
precipitate. Record the time in which the filtering is done
as the sepération time of strontium-90 from yttrium-90. Wash
the filter with 3 ml1 of water. . ,

7.22 Neutralize the solution with 6M HNO3; then add 1 ml of 6M
acetic acid, 2 ml of 6M ammonium acetate, and 1 ml of barium
carrier. ' '

7.23 Heat the solution to near boiling; then add 1.5M Na,Cr0, solution
by drops, with stirring, to precipitate barium chromate. Chill
in an ice bath and stir to complete the precipitation. Check
for complete precipitation of barium by adding a few more drops
of Na,CrOQy.

7.24 Centrifuge for 5 min at 1500 rpm.

7.25 Filter the supernatant solution through Whatman No. 541 filter
paper into another 50-ml1 glass centrifuge tube and wash the
filter with 3 ml of water. Discard the precipitate.

7.26 Add 2 ml1 of concd NH,OH to solution and heat to boiling.

7.27 Add 5 ml of saturated ammonium oxalate solution, with stirring,
to precipitate the strontium oxalate.

7.28 Chill in an ice bath and continue to stir to complete the
precipitation.
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7.29 Centrifuge for'5 min at 1500 rpm and discard the supernatant
solution. _

7.30 Place a tared 18-mm filter paper in the filtering funnel and
wet with water using a vacuum on the filtering flask.

7.31 Transfer the precipitate onto the filter with hot water; then
wash with two 10-m1 portions of hot water, three 5-ml portions
of 95% ethyl alcohol, and two 5-m1 portions of diethyl ether.

7.32 Weigh the filter paper and precipitate, determine the chemical
recovery, and mount for beta counting.

7.33 Immediately count the sample mount on a low-background beta
counter.

8. Calculations

90Sy = ABVM/DV , Bq/m3 ,

where

A = net counts per minute of purified 90Sr,

B = efficiency factor for 29Sr, including self-absorption
correction,

D = fraction of strontium carrier recovered,
V = volume of sample, ml,
M = conversion factor to Bg; 1 Bq = 60 dis/min.

9. Precision and Accuracy

The precision at the 95% confidence level is #12%. The method
exhibits a negative bias of 5% when applied to controls of known
strontium-90 concentration. )

Working Bibliography for Sect. 4.6

M. A. Franson (ed.), Standard Methods for Examination of Water and Waste
Water, 14th ed., 1976.
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J, Kooi, "Quantitative Determination of Strontium-89 and Stroptium-QO
in Water," Anal. Chem., 30, 532 (1958).

R. B. Hahn and C. P. Straub, "Determination of Radioactive Strontium and
Barium in Water," J. Am. Water Works Assoc., 47, No. 4, 335 (1955).
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4.7 Radiochemical Method for Determining Radium-226 in Water
(performed by Analytical Chemistry Division Laboratory)

Source: Envivommental and Effluent Analysis Manual,
Union Carbide, Nuclear Division

Scope

This method is applicable to the determination of radium-226 in
leach solutions of ores and minerals and in water samples.

-

Summar

Radium is precipitated with the lead nitrate-barium nitrate and
lead sulfate-barium sulfate. Selective dissolution of barium
sulfate-radium sulfate is made with EDTA. Reprecipitated barium
sulfate-radium sulfate is dried on a steel plate for alpha counting.

Status

Count rates observed over a period of days permit observance
of daughter growth and better counting statistics. Consideration
must be given to the ratio of radium to barium in the sulfate pre-
cipitation step. A radiochemical yield for barium is measured using
barium-133 tracer. ‘ '

Apparatus

4.1 Centrifuge tubes, 50-ml1 glass
4.2 Centrifuge cone, 15-ml conical

Reagents

5.1 Nitric acid (HNO3), 90%

5.2 Lead nitrate [Pb(NO3),] solution, 10 mg/ml
5.3 Barium solution, 1 mg/ml

5.4 EDTA solution, 0.25M disodium salt

5.5 Acetic acid (CH3COOH), glacial

5.6 Ammonium hydroxide (NH,OH), 6N and 15N
5.7 Methyl orange indicator

5.8 Barium-133 tracer, 1000 counts min~! m1-?
5.9 Sulfuric acid (H,SO4), 1:1, 18N
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6. Procedure

6.1 Pipette a test aliquot of the sample into a centrifuge tube.
Add 1 ml1 of lead solution, 1 ml of the barium solution, and
1 ml of the tracer solution.

Add 20 m1 of 90% HNO3. Cool in an ice bath.

Cautiously transfer the tubes to a centrifuge and centrifuge
for 5 min. Carefully decant the acidic supernatant solution.
Wash the precipitate with acetone if calcium content is high.

6.4 Dissolve the precipitate in water. Heat to boiling and add
methyl orange indicator and 1:1 H,S0, to a pink color, then
add 0.3 ml excess. )

6.5 Digest for 10 min. Let settle for about 30 min.

Centrifuge for 5 min and wash the precipitate with dilute HNO3,
discarding the wash solution.

6.7 Dissolve the precipitate in 4 ml of water and 4 ml of EDTA;
add 1.2 ml of 6N NH,OH. Warm the solution, then add by drops
about 1 ml1 of glacial acetic acid. Digest 10 min, centrifuge,
and discard the supernatant solution.

6.8 Wash the precipitate with water, discard the wash solution,
and transfer the material to a steel plate. Spread the material
over the disk area. Dry and flame the disk.

6.9 Observe a gross-alpha count. Pulse analyzes the source, and
hold for recount. During the holding period, determine the
chemical yield of barium-133.

6.10 With the appropriate proportionality constant for radium to
barium (D or ), calculate the true radium yield.

Working Bibliography for Sect. 4.7

J. H. Harley (ed.), HASL Procedures Manual, Health and Safety Laboratory,
HASL-300, August 1974.
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Q . Radiwn-‘226 Analysis Prineciples, Inte};fe{'ence and Practice, National Lead
Company, Inc., WIN-112, February 1, 1960.

" P. E. Trujillo, Jr., Analytical Procedures for the Determination of
Radionuelides in Air Filters, Water, and Soils, Los Alamos Scientific
Laboratory, H8-MR-72-3, May 1972.
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4,8 Radiochemical Method for Determining Uranium in Water
(performed by Analytical Chemistry Division Laboratory)

Source: Envirommental and Effluent Aqa?ysis Manual,
Union Carbide, Nuclear Division

1. Scope and Application

This method is applicable to the determination of uranium in
potable, natural, and industrial waters.

2. Summary of Method

2.1 The sample is equilibrated with uranium-232, which is used as
an internal standard. Uranium is subsequently purified
chemically by use of anion exchange resin chromatography and
repeated methyl isobutyl ketone (hexone) extractions. The
extracted uranium is deposited on a stainless steel disk and
counted on a multichannel analyzer using a silicon surface-
barrier detector to determine the uranium concentration.

2.2 The lowest reported concentration is 7.4 x 1078 Bq/ml (2 x 10-%
pCi/ml) for a 1-1iter sample.

3. Sample Handling and’PreserVation

3.1 If suspended and/or soluble uranium determinations are desired,
the samples should first be filtered to remove the suspended
particulates as soon as practicable; the samples should
immediately be adjusted to a pH of 1 with nitric acid (HNO3).

3.2 1If total uranium determinations are desired, the samples should
be adjusted to a pH of 1 as soon as practicable without
filtering.

3.3 After pH adjustments, the samples are stored in either glass or
plastic containers.

4, "Interferences

4.1 Iron in milligrams per milliliter concentrations tends to follow
uranium throughout the chemistry causing serious degradation’o?
alpha measurements. ' :

4.2 Alpha pulse-height analysis eliminates interferences from other
alpha emitters. : '

»
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Apparatus

5.1
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Glass ion exchange column, 8-mm ID by 25-cm long fitted with a
stopcock and reservoir

Centrifuge

Vortex mixer

Hot plate

Stainless steel disks

Extraction vials, 50-m1 with plastic-lined screw caps
Transfer pipettes

Beakers, 100-m1, 250-ml, and a size to accommodate sample
aliquot

Multichannel analyzer system with silicon surface-barrier
detector(s)

Reagents

6.1
6.2

6.3

6.4
6.5
6.6
6.7

6.8

Nitric acid (HNO3), concentrated

Nitric acid (HNO3), 8M: Add 500 ml of concd HNO3 to 500 ml
of water.

Aluminum nitrate solution, 2.8M: Dissolve 1050 g of aluminum
nitrate nonahydrate [A1(NO3)3-9H,0] with heat in a minimum of
water. Cautiously add 100 m1 of concd NH,OH with stirring.
Continue heating and stirring until all of the precipitate
dissolves, then dilute to 1 liter with water.

Sodium nitrite (NaNO,), crystals

Methyl isobutyl ketone (hexone)

Potassium bromate (KBr0s), crystals

Uranium-232 tracer solution: Dilute a stock solution of
uranium-232 to a concentration of 10 dis min-! mi~1.

Anion exchange resin: Dowex 1-X4 (50-100 mesh, chloride form)
or equivalent.

Procedure

7.1

Transfer a measured aliquof of the sample to an adequately
sized beaker.

7.2 Add 1 ml of 10 dis min~! mI-1 uranium-232 solution.
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7.3
7.4
7.5
7.6
7.7

7.8
7'9
7.10

7.11
7.12

7.13

7.14

7.15

Place on a hot plate covered with an asbestos mat and dry.

Dissolve the residue in 25 m1 of 8M HNOs.

Add 0.5 g of NaNO, crystals and heat to boiling.

Remove from heat and allow 20 min digestion time.

While the sample is digesting, prepare a resin column as

follows: -

7.7.1 Place a glass-wool plug in the bottom of the column
described in step 5.1.

7.7.2 Slurry the resin (see step 6.8) with water and immediately
discard the fines by decanting. Repeat as necessary
until fines are removed.

7.7.3 Transfer 4 ml of the resin to the column with water.
Prevent any channeling by maintaining the solution level
above the resin using the stopcock.

7.7.4 Place a glass-wool plug on top of the resin.

7.7.5 Convert the resin to the nitrate form by passing several
column volumes of 8M HNO3; through the column until the
resin is free of chloride ions.

Transfer the sample solution, which should be at room tempera-

ture, to the prepared resin column.

Place a 250-ml beaker beneath the column and allow the sample

solution to drain into the beaker at a flow rate of 2 ml/min.

Rinse the beaker with 25 m1 of 8M HNO3 and transfer the rinse

to the column.

Allow the rinse to drain into the beaker also.

Place the beaker containing the column effluent on a hot plate

and take to dryness. -

Dissolve the residue in 10 m1 of A1(NO3)3; solution and transfer

to an extraction vial using a minimum of A1(NO3)3; to rinse the

beaker.

Add an equal volume of hexone and extract on a Vortex mixer for

10 min. ‘

Centrifuge for 2 min to separate the phases and discard the

aqueous phase.
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7.16

7
.18
.19
.20

NN N

7.21
7.22
7.23

7.24
7.25

7.26
7.27

Add an equal volume of water and back-extract into the water on
a Vortex mixer for 10 min.

Centrifuge for 2 min to separate the phases.

Transfer the aqueous phase to a 100-m1 beaker.

Repeat steps 7.16, 7.17, and 7.18.

Place the beaker containing the water stripned solution on a hot
plate and take to dryness.

Add enough 8M HNO3 to moisten the residue.

Add 10 to 20 mg of KBrOs crystals and digest for 10 min.
Dissolve and transfer the residue to an extraction vial with

5 ml of A1(NO3)3 solution.

Repeat step 7.14 using 1 m1 of hexone; repeat step 7.15.
Transfer the entire hexone extract by drops to a stainless
steel disk placed on a hot plate set at 100°C.

Flame the disk to a red heat.

Measure the uranium alpha activities by pulsing with a silicon
surface-barrier detector and multichannel analyzer.

Calculations

238y = gEM/DV , Bq/m3 ,
235y = BEM/DV , Bqg/m3 ,
CEM/DV , Bq/m3 ,

23#U

where

= net integrated counts of 238U from pulse analysis,
= net integrated counts of 235U from pulse analysis,
= net integrated counts of 23%y from pulse analysis,
= net integrated counts of 232y from pulse analysis,
= dis/min of 232y tracer added, -

= volume of sample, mil,

< & U W
|

M = conversion factor to Bq; 1 Bg = 60 dis/min.

Precision and Accuracy

9.1

The precision is estimated to be x15%.
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4.9 Radiochemical Method for Determining Plutonium in Water
(performed by Analytical Chemistry Division Laboratory)

Source: Envirommental and Effluent Analysis Manual,
Union Carbide, Nuclear Division

Scope and Application

This method is applicable to the determination of plutonium in
potable, natural, and industrial waters.

Summary of Method

2.1 The plutonium in the sample is equilibrated with plutonium-242
tracer, coprecipitated with bismuth phosphate, adsorbed on
anion exchange resin, selectively eluted from the resin, copre-
cipitated with praseodymium hydroxide, and extracted with
thenoyltrifluoroacetone-xylene. The plutonium extract is dried
on a stainless steel disk. Alpha pulse-height analysis is used
to determine plutonium on the counting disk.

2.2 The Towest reported concentration is 7.4 x 10~% Bq/ml (2 x 10-%
pCi/ml) for 1-Titer samples.

Sample Han&]ing and Preservation

3.1 If suspended and/or soluble plutonium determinations are desired,
the samples should first be filtered to remove the suspended
particulates as soon as practicable; then the samples should
immediately be adjusted to a pH of 1 with nitric acid.

3.2 If total plutonium determinations are desired, the samples should
be adjusted to a pH of 1 with nitric acid as soon as practicable
without filtering.

3.3 After preliminary treatment, the samples are stored in either
glass or plastic containers.

Interferences

4.1 Interferences from other alpha-emitting nuclides are generally
eliminated by alpha pulse-height analysis except for p]utonium;é40,
which cannot be resolved from plutonium-239. Mass spectrometric
analysis is required if both of these isotopes are desired.
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Apparatus

5.1 Glass ion exchange column, 8-mm ID by 25-cm long fitted with a
stopcock and reservoir

5.2 Hot plate

5.3 Centrifuge

5.4 Vortex mixer

5.5 Extraction vials, 50-ml with plastic-lined caps

5.6 Lab glassware
5.6.1 Beakers, to accommodate sample aliquot, and 250-ml size
5.6.2 Centrifuge tubes, 50-m1 glass, 100-m1 glass, and plastic

5.7 Transfer pipettes

5.8 Stainless steel discs

5.9 Multichannel analyzer system with silicon surface-barrier
detector(s)

Reagents

6.1 Nitric acid (HNO3), concentrated

6.2 Nitric acid (HNO3), 8M: Add 500 ml of concd HNO3 to 500 mil
of water. .

6.3 Bismuth nitrate solution [Bi(N03)3], 0.1M: Dissolve 20.9 g of
bismuth metal in HNO3 and dilute to 1 liter with 8M HNOj.

6.4 Phosphoric acid (H3P0,), concentrated.

6.5 Ammonium hydroxide [NH,(OH)], concentrated.

6.6 Plutonium-242 tracer: Dilute an NBS-certified (or equivalent)
solution of plutonium-242 to a concentration of 10 dis min~!
mi=1 with 2M HNO; and store in glass.

6.7 Nitric acid, 2M: Add 125 ml of concd HNO3 to 500 ml of water and
dilute to 1 liter with water.

Nitric acid (HNO3), 1IM: Dilute 2M HNOs 1:1 with water.

6.9 Sodium nitrite (NaN0,), crystals.

6.10 Sodium nitrite solution, 3M: Dissolve 10.4 g of sodium nitrite
(NaNO,) in water and dilute to 50 m] with water. Make fresh
daily.

6.11 Hydrochloric acid (HC1), 8M: Add 666 ml of concd HC1 to 334 m]
of water.
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6.12

6.13

6.14

6.15

6.16

6.17

ThenoyTtrifluoroacetone (TTA)-xylene solution, 0.5M TTA:
Dissolve 111 g of SC4H3COCH,COCF3 (TTA) in xylene and dilute

to 1 Titer with xylene.

Ferric nitrate solution, 0.1M: Dissolve 40.4 g of ferric
nitrate nonahydrate [Fe(N03)3-9H,0] in water and dilute to

1 Titer with water. ,
Hydroxylamine hydrochloride solution, 5M: Dissolve 347.5 g

of hydroxylamine hydrochloride (NH,OH-HC1) in water and dilute
to 1 Titer with water.

Hydrochloric acid — hydroxylamine hydrochloride solution, 0.5M
HC1-0.05M NH,OH-HC1: Add 42 ml of concd HC1 and 10 ml of 5M
NH20H-HC1 to 500 ml of water and dilute to 1 liter with water.
Praseodymium carrier solution: Dissolve 12.82 g of praseodymium
nitrate dihydrate [Pr(NO3);-2H,0] in 500 ml of water and dilute
to 1 Titer with water.

Anion exchange resin: Dowex 1-X4 (50-100 mesh, chloride form)
or equivalent.

7. Procedure

7.1

7.2
7.3
7.4
7.5

7.6

7.7
7.8

7.9

= iy s e oy gy 0 T Tye

Transfer a measured aliquot of the sample to an adequately

sized beaker and adjust the acidity to O. 1M with concd HNO3 if
not previously adjusted.

Add T mT of 10 dis min=1 m1~1 plutonium-242 tracer solution.

Add 1.25 ml of 0.1M bismuth nitrate solution per liter of sample.
Add 1 g of NaNO, crystals per liter of sample.

Place on a hot plate and digest the sample solution at 70°C for
2 h with stirring. ‘

Add 5.25 ml of concd H3PO, per liter of sample, remove from heat,
and stir frequently for 1 h.

Allow the BiPOy precipitate to settle overnight.

Without disturbing the precipitate, withdraw and discard the
supernatént liquid.

Transfer the brecipitate to a 100-ml glass centrifuge tube,

centrifuge at 2000 rpm for 10 min, and discard the supernatant
solution.

4.903
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7.10 Transfer the precipitate -to a 250-ml1 beaker with 25 ml of concd
HNO3 and heat to dissolve the precipitate.

7.11 Add an equal volume of water to adjust the acid to 8M.

7.12 Add 2 ml of 3M NaNO, solution and heat to boiling.

7.13 Allow the sample to digest for 20 min to adjust the valence of
the plutonium to Pu™™.

7.14 While the sample is digesting, prepare a resin column as follows.
7.14.1 Place a glass-wool plug in the bottom of the column as

described in step 5.1.

7.14.2 Slurry the resin (see step 6.17) with water and immediately
discard the fines by decanting. Repeat as necessary
until fines are removed.

7.14.3 Transfer 4 ml of resin to the column with water. Pre-
vent any channeling by maintaining the solution level
above the resin using the stopcock.

7.14.4 Place a glass-wool plug on top of the resin.

7.14.5 Convert the resin to the nitrates form by passing several
column volumes of 8M through the column until the resin
is free of chloride ions. '

7.15 Transfer the sample solution, which should be at room tempera-
ture, to the prepared resin column and allow it to flow through
the column at a rate of 2 ml per minute. Discard the effluent
solution.

7.16 Rinse the beaker with 25 ml of 8M HNO3 and transfer the rinse to
the column. Allow the 8M HNO3; rinse to flow through the column
at a rate of 2 ml per minute. Discard the effluent solution.

7.17 Rinse the beaker with 25 m1 of 8M HC1 and transfer the rinse to
the column. Allow the 8M rinse to flow through the column at
a rate of 2 ml per minute. Discard the effluent solution.

7.18 Add 1 drop of 0.1M_Fe(N03)3 and 1 ml of 5M NH20H-HC1 to the
column. Open the stopcock and allow the solution to drain to
the top of the resin bed, then stop the flow. Discard the
effluent solution.

7.19 Add 4 ml of 0.5M HC1-0.05M NH,OH-HC1 solution. Place a 50-ml
glass centrifuge tube under the column. Allow 3 ml of solution
to drain into the tube and close the stopcock.

4.9.4
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7.20

Allow 20 min digestion time for reduction of the plutonium to
Put3, .
Add 25 ml of 0.5M HC1-0.05M NH,OH-HC1 solution. Pass the

7.21
solution.through the column at a flow rate of 2 ml/min into
the 50-ml tube.

7.22 Add 1 ml of praseodymium carrier to the sample solution in the
50-m1 tube and mix thoroughly. ’

7.23 Add concd NH,OH, with stirring, to a pH of 9. Allow 15 min
digestion time.

7.24 Centrifuge for 10 min at 1500 rpm and discard the supernatant
solution.

7.25 Wash the precipitate with water, centrifuge, and discard the
water wash solution.

7.26 Dissolve the precipitate in 6 drops of concd HNO; and transfer
the dissolved sample to a 50-m1 extraction vial with 5 ml of
1M HNO3. Add 10 drops of 3M NaNO,, mix well, and allow 20 min
digestion time for plutonium to oxidize to Puth.

7.27 Add 1 ml of 0.5M TTA-xylene solution, and extract on a Vortex
mixer for 10 min.

7.28 Centrifuge for 2 min to separate the phases. Discard the
aqueous phase.

7.29 Scrub the TTA extract with 5 ml1 of 1M HNO3. Centrifuge and
discard the aqueous phase.

7.30 Transfer the TTA to a stainless steel disk placed on a hot plate
set at 150°C. Allow the TTA to dry thoroughly.

7.31 Flame the stainless steel disk to a red heat.

7.32 Measure the alpha activities by pulsing with a silicon surface-
barrier detector coupled to a multichannel analyzer.

Calculations
238py = AcM/DE , Bq/m3 ,
239py = BeM/DE , Bg/md ,
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where - )

= net integrated counts of 238Pu from pulse analysis,
= net integrated counts of 23%Pu from pulse analysis,
dis/min of 242Pu added,

= net integrated counts of 2%2Pu from pulse analysis,
= volume of sample, ml,

conversion factor from Bq; 1 Bq = 60 dis/min.

o QO w
I

M

9. Precision and Accuracy

9.1 The precision is estimated to be *20%. The accuracy has not
been established.

Working Bibliography for Sect. 4.9

George H. Coleman, The Radiochemistry of Plutonium, National Academy of
Sciences — National Research Council, NAS-NS 3058, September 1, 1965. N

John J. Harley (ed.), EML Procedures Manual, HASL-300, 1972.

Frederick B. Johns (ed.), Handbook of Radiochemical Analytieal Methods,
EPA-680/4-75-001, February 1975.
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4.10 The Determination of Transplutonium or Plutonium in Water Samples
(performed by Bio-Assay Laboratory, Industrial Safety and

Applied Health Physics Division)

1. Reagents

o R
. L] . -* L] .
(=2 IS B R

~

Nitric acid (HNO3), concentrated

Phosphoric acid (H3P0,), concentrated

1M calcium nitrate [Ca(NO3),]

Ammonium hydroxide (NH,OH), concentrated

Hydroxylamine hydrochloride (NH,OH-HC1)

Phosphoric wash: 10 ml of concd H3P0, with 1500 ml of dis-
tilled water. Add NaOH until a pH of 8 is obtained.

Dowex AG2-X8 (50-100 mesh, chloride form) anion resin

10M hydrochloric acid (HC1)

Hydriodic hydrochloric acid wash: Add 100 ml of 10M HC1 to
0.5 ml of 47% hydriodic acid (HI).

1.10 5% sodium bisulfite (NaHSO3)
1.1T 4 to 6% sodium hypochlorite (NaOC1)
1.12 2M potassium hydroxide (KOH)

2. Special Equipment

2.1
2.2
2.3
2.4

2.5

Stainless, steel disks, 1.27 cm diam

Electroplating cells, approximately 12.5-ml well

Platium electrodes

Power source capable of supplying at least + 10 V and 200 mA
current '

Alpha counting system

3. Procedure

3.1
3.2

3.3
3.4
3.5

Add 50 ml of concd HNO; to the 1-liter water sample.

Filter sample using Whatman No. 42 filter paper. Discard the
paper éfter filtration.

Add 5 ml of concd H3PO, and 4 ml of 1M Ca(NO3),.

Heat sample to 85°C on a hot plate (with magnetic stirring).

Add 110 ml of concd NH,OH and stir continuously for 1 h.

4.10.1
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3.13
3.14

.15

.16

3.17

.18

.19

.20

.21

.22

.23
.24
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Use an evaporator dish as a cover for the water sample and
allow to cool overnight.
Draw off as much of the supernatant as possible without dis-
turbing the residue.
Discard the supernatant and transfer the residue to a centri-
fuge tube. Increase the volume to 100 ml with phosphoric
wash.
Centrifuge for 5 min and discard supernatant.
Increase the volume to 100 ml and wash the residue.
Centrifuge for 5 min and discard the supernatant.
Add a minimum of hot concd HNO3 to dissolve the residue. Trans-
fer solution to a 100-ml beaker containing 80 to 90 ml of
distilled water.
Evaporate to dryness.
Add 15 to 20 m1 of 8M HNO3; to the residue and evaporate to
dryness. Dissolve the residue in 20 m1 of 8M HNOj.
Transfer sample to the anion exchange column, wash beaker with
10 m1 of 8M HNO3, and collect the transplutonium elutriant in a
100-m1 beaker.
Wash the column with 30 ml of 8M HNO3; and collect the wash in
the 100-ml beaker containing the transplutonium elutriant.
Wash the column with 20 ml1 of 10M HC1 and discard the wash.
Add 15 m1 of hydriodic-hydrochloric acid to wash the column.
Wash the column with 30 ml of 10M HC1. Collect the elutriant
and all washing solutions in a 50-ml1 beaker.
Place the 50-ml beaker containing elutriant on a hot plate and
evaporate to dryness. ‘
Add four drops of concd HC1 and 5 ml of distilled water to the
residue.
Add 2 ml of 5% NaHSO; and evaporate to complete dryness on a
hot plate.
Dissolve the residue in a minimum amount of distilled water.
Add 2 ml of 4 to 6% NaOC1 arid 5 ml of 2M KOH to the sample.
Place 1.27-cm-diam stainless steel disk in the bottom of a
12.5-m1 well electroplating cell. Test the cell with distilled
water for leakage overnight.
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3.25

3.26

3.27

3.28
3.29

3.30

3.31

Discard distilled water before pouring samples into electro-
plated cells.

Evaporate the sample to 10 ml and transfer to the elettro-
plating cell. Rinse the beaker well.

Place a platinum electrode into the sample-filled electroplating

cell. Energize the electrode with a +10 V source and a current
of 160 to 180 mA. Electroplate the disk for 5 h.

Remove the platinum wire from the cell and discard the solution.

Rinse the cell with distilled water and remove the electro-
plated disk. Use tweezers when removing the disk. Do not
touch the face of the electroplate.

Dry the surface of the electroplated disk under a heat lamp.
Flame the electroplated disk to a bright red by holding disk
over a Bunsen burner. '

Count the disk using the alpha counting technique for gross-

‘alpha determination of either plutonium or transplutonium

radionuclides, given below.
3.31.1 Special equipment for counting
a. Alpha scintillation counter with the permanent
phosphor removed. '
b. Silver-activated zinc sulfide [ZnS(Ag)] coated on
Mylar disks 2.52 c¢m (15/16 in.) in diameter.
c. Nylon disk and ring assembly
3.31.2 Counting procedures. Label the nylon disk with date
and location of sample. Place the electroplated trans-
plutonium or plutonium sample inside the nylon disk and
cover with a ZnS(Ag) Mylar disk. Place a phosphor disk
on top of the ZnS(Ag) Mylar disk so that the phosphor
side will be in direct contact with it. Place a nylon

ring on top of the assembly and press firmly to ensure
a snug fit. Cut away the excess Mylar.

4.10.3
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Place the mounted sample in the alpha counter and count
for 4 h. The background count is approximately 1 count/
h with a counting efficiency of 50%. '

counts/min ~ background counts/min
0.5 efficiency®

dis/min =

*
The efficiency is measured as a percentage.
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GTN, 4.11 Radiochemical Method for Determining Thorium Isotopes in Water

-

1.

2.
&

3.

(performed by Analytical Chemistry Division Laboratory)

Source: Envirommental and Effiluent Analysis Manual,
Union Carbide, Nuclear Division

Scope and Application

1.1 This method is applicable to the determination of the isotopes
of thorium in potable, natural, and industrial waters.

1.2 The lowest concentration reported is 1.5 x 10-8 Bq/ml
(4 x 10-5 pCi/m1) when analyzing a 1-liter sample, counting
for 1000 min on an alpha pulse-height analyzer with a detector
having a 20% efficiency and a 0.005-counts/min background over
each energy region of interest, and realizing an 80% chemical .
recovery of the thorium.

Summary of Method

Thorium-234 tracer (a beta-gamma emitter) is equilibrated with
the thorium.isotopes in the sample. Al1l of the thorium isotopes
are coprecipitated with praseodymium as the hydroxide and the
fluoride. The thorium is finally purified by extract and is dried
on a stainless steel disk. The chemical yield is determined by
evaluating the thorium-24 by beta coﬁn@ing and the.alpha—emitting
thorium isotopes are detérmined by alpha pulse-height analysis.

Sample Handling and Preservation

3.1 If suspended and/or soluble thorium determinations are
desired, the samples should first be filtered to remove the
suspended particulates as soon as practicable. The samples
should then immediately be adjusted to a pH of 1 with nitric
acid. ‘

3.2 If total thorium determinations are desired, the samples should
be adjusted to a pH of 1 as soon as practicable with filtering.

3.3 After pH adjustment, the samples are stored in glass or
plastic container without filtering.

4.11.1
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4. Interferences

This method does not separate uranium adequately when the
uranium to thorium activity ratio is greater than 1. Several of the
isotopes of uranium and thorium have alpha energies sufficiently
close and will cause interferences in pulse-height analysis. Further

- purification procedures are recommended for thorium when the
uranium concentration is known to be significant.

5. Apparatus

5.1 Vortex mixer

5.2 Hot plate

5.3 Centrifuge

5.4 Extraction vials, 50-m1 with plastic-lined screw caps

5.5 Transfer pipettes

5.6 Beakers, size adequate to accommodate the sample aliquot
5.7 pH meter with combination electrode.

5.8 Stainless steel disk, sized to be compatible with counting

systems.
5.9 Multichannel analyzer system with silicon surface-barrier
detector(s)
5.10 Beta counter, adequate to accommodate the stainless steel disks
5.11 Plastic centrifuge tubes, 50-m1 and 100-ml
5.12 Water bath

6. Reagents

6.1 Praseodymium solution, 5 mg/ml. Dissolve 6.00 g Pr(NO3)3+6H,0
in dilute HNO3 and dilute to 500 m1 with water.

6.2 Ammonium hydroxide (NH,OH), concentrated

6.3 Potassium dichromate (KyCr,0;), 0.4M. Dissolve 11.8 g K;Cr,07
in water and dilute to 100 ml.

6.4 Hydrofluoric acid (HF), concentrated

6.5 Aluminium nitrate solution, 2M. Dissolve 75.0 g AT1(NO3)3-9H,0
in water and dilute to 100 mil.

6.6 Nitric acid (HNO3), concentrated
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6.7

6.8

6.9

Nitric acid (HNO3), IM. Dilute 6.25 ml concd HNO; to 100 mi
with water.

HNO; solution, pH 1.5. Transfer 500 m1 of water to an 800-ml
beaker. Immerse the pH electrode, stir, and adjust the pH to
1.5 with cond HNO5.

TTA-xylene solution, 0.5M TTA, Dissolve 55,5 g TTA (thenoyl-
trifluoroacetone) in xylene and dilute to 500 m1 with xylene.

HNO3 and convert to the chloride. Dissolve uranium chloride
in 8M HC1 and extract uranium with 20% (w/v) Adogen 364 in
xylene. Retain the aqueous phase for the thorium tracer. ‘
Count for thorium-234 activity.

i
|
i
t
6.10 Thorium tracer, thorium-234, Dissolve 1 g of U30g in dilute §
%
!
|
!

6.11 Ammonium hydroxide (NH,OH), dilute. Transfer 35 ml concd

NH,OH to a 500-m1 flask. Dilute to volume with water.

6.12 Hydrofluoric acid-nitric acid solution, 1M HF-1M-HNO3.

Mark a polyethlene bottle at the 100-ml1 volume level. Add
75 ml of water to the bottle. Using a plastic pipette, add
4 ml concd HF. Then add 6.25 m1 concd HNO3. Dilute to the
100-m1 mark with water.

Procedure

7.1

~ 7.2

7.3

7.4
7.5
7.6

7.7

7.8

Transfer a measured aliquot of the sample to an adequately
sized beaker; check the pH and, if necessary, add HNO; to
adjust the pH to 1.

Add 5,000 to 10,000 counts/min of thorium-234 tracer and 1 ml
of praseodymium solution. ,
Place the beaker on a hot plate and allow the sample to heat |
to near boiling. i
Remove the sample from the hot pTate and allow to cool. !
Add concd NH,0H with stirring to a pH of 9. ;
Stir the sample frequently and allow the precipitate to settle
(preferably overnight).

Decant the supernatant solution and transfer the precipitate

to a 50- or 100-ml1 centrifuge tube. : -
Centrifuge at 2000 rpm for about 10 min.
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7.9 Discard the supernatant solution.

7.10 Wash the precipitate with water, centrifuge, and discard the
water wash solution.

7.11 Dissolve the precipitate with 8 to 10 drops of concd HNO,.

7.12 Add approximately 0.3 ml of 0.4M K,Cr,04.

7.13 Digest in a hot water bath that is near the boj]ing point for
10 min.

7.14 Remove from the bath and add approximately 0.3 ml of concd HF.
Mix well and allow to digest at room temperature for 10 min.

7.15 Centrifuge at 2000 rpm for 5 min.

7.16 Add 2 drops of praseodymium solution and swirl gently without
disturbing the precipitate.

7.17 Repeat step 7.15.

7.18 Discard the supernatant solution.

7.19 Wash the precipitate with approximately 2 m1 of 1M HF-1M HNO,
solution that contains 3 drops of 0.4M K,Cr,0,.

7.20 Repeat steps 7.15 and 7.18.

7.21 Dissolve the fluoride precipitate with 0.5 m1 of 2M AT(NO3),
and 5 drops of 1M HNO5.

7.22 Transfer the solution to a 50-m1 vial.

7.23 Rinse the tube with 5 ml of distilled water and add the rinse
solution to the 50-ml vial.

7.24 With the aid of the pH meter, adjust the pH of the solution
from 1.4 to 1.5 with dilute NH,OH and/or dilute HNOj.

7.25 Add 2 m1 of 0.5M TTA-xylene.

7.26 Mix on the Vortex mixer for 10 min.

7.27 Centrifuge at 2000 rpm for about 5 min.

7.28 Transfer the TTA to a new vial.

7.29 Repeat steps 7.25 through 7.28, transferring the second TTA
to the same vial.

7.30 Scrub the TTA with 5 m1 of pH 1.5 HNO3 solution.

7.31 Repeat step 7.27.and discard the scrub solution.

7.32 Evaporate the entire TTA extract on a stainless steel disk
and flame the disk to red.
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((i'é 7.33 Count the sample disk and a thorium-234 comparator disk on a
beta counter. Ratio the sample net count to the comparator
net count to determine the fraction of thorium recovery.

7.34 Perform an alpha pulse-height analysis to determine the
jdentity and quantity of the thorium isotopes present in the
sample.

8. Calculations

Thorium-x, Bq/ml = ABM/DV ~

where
4 = the net integrated counts (counts/min) of thorium-x
from the pulse-height analysis,
B = the efficiency factor of the alpha pulse-height analyzer
system,
D = the fraction of 23%Th recovered,
vV = the volume of the sample, ml,
. x = isotope of interest.
(C / M = conversion factor to Bq; 1 Bq = 60 dis/min.

9. Precision and Accuracy

9.1 The precision is estimated to be 20% at the 95% confidence

Tevel.

9.2 The accuracy of this method has not been established; however,
repeated determinations on solutions of known concentrations
do not indicate significant bias.

Working Bibliography for Sect. 4.11

F. L. Moore, "Radiochemical Determination of Ionium in Uranium
Fluorination Ash," Analytical Chemistry 30, 1020, (1958).
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4.12 Sampling for the National Pollutant Discharge Elimination
System (NPDES)

Weekly, a technician collects water samples from Melton Branch (MB),
White Oak Creek (WOC), and the Sewage Treatment Plant (STP).
Approximately 1000 m1 of water per analysis is collected and
delivered to the Environmental Analysis Laboratory (Product
Certification Division, Y-12) and the Analytical Chemistry Section
(Technical Service Division, K;25). For information concerning
these analyses, refer to the Summary Chart.

The dissolved oxygen (D0), pH, and flow are read and recorded
on-site daily at WOC and MB, while the chlorine and pH values are
read and recorded for the STP. To take accurate readings, the
tests are conducted as presented here and the samplé is thoroughly
mixed before each test. After collecting the sample, the DO probe
is connected to the Dor-4A-Montedoro Meter (manufactured by the
Whitney Corporation), and the battery is checked. If a value of 9
is displayed on the meter, the power is sufficient to take the DO
reading. The meter switch is changed to DO, and the probe is
rinsed with distilled water. The probe is inserted into the sample,
and the value is recorded. The probe is disconnected from the
meter, rinsed with distilled water, and stored in a moist container.
Add distilled water to the container if it is not moist.

The pH reading is taken after the reading of the DO vaiue at WOC
and MB and after the chlorine reading at STP. The pH meter is
calibrated to 7.0 with a neutral buffer. The electrode is rinsed
with distilled water, immersed into the sample, and the value of
the sample is read from the Digi-Sense pH Meter (manufactured by
the Cole Palmer Instrument Corporation). The electrode is rinsed
and its cap is filled with distilled water (to help keep the
electrode moist) while in storage.
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The Ecolab Test Kit for DPD chlorine (manufactured by Ecologic
Instrument Corporation) is used to determine the free chlorine

Tevel at the STP. The sample tube is rinsed with the water sample.
Ten drops of Reagent 1 and 6 drops of Reagent 2 are added to the
tube. The tube is filled with sample water and thoroughly mixed.
Six drops of Reagent 3 are added to the sample and thoroughly mixed.
The tube is placed in the Chlorine Comparator DPD, and the
corresponding value is recorded.

A summary of all analyses conducted on samples collected for the
NPDES is presented in the Summary Chart. The Taboratory procedures
for these analyses are presented in this section.

The routing procedures below only include the present NPDES monitoring
sites and are subject to revision when a new NPDES permit is issued.

From the 4500-South parking lot, drive east 0.16 km (0.1 mile) and
turn right onto Southside Drive. Travel west 0.48 km (0.3 mile)

and turn left onto White Oak Avenue. Proceed 0.32 km (0.2 mile) to
the entrance of the Sewage Treatment Plan (STP). The STP entrance
is directly across from Building 2523 and to the left of the Tool
Store. Drive to the STP control building and park. The effluent
site (003) is.located behind the control building at the furthermost
part of the chlorine basin. The influent monitoring site (003) is
located in front of the control building (2521) at the point where
the pipe feeds wastewater into the treatment basin.

Return to White Oak Avenue and turn left. Travel approximately

0.02 km (50 ft) to the West Portal and turn left onto First Street.
Proceed on First Street (Lagoon Road) for approximately 1.29 km

(0.8 mile) to the Chemical Waste Area Access Road (CWAA). Turn left
onto CWAA road and proceed approximately 1.29 km (0.8 mile) to White
Oak Creek (WOC) sampling station (001). Continue on CWAA Road for
0.1 mile veering to the right at the Y-intersection. Melton Branch
monitoring site (002) is located on the left.
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Return to Lagoon Road and turn right. Drive 0.8 miles to the West
Portal and turn left. Travel on White Oak Avenue for approximately
0.32 km (0.2 mile) and turn right onto South Side Drive. Proceed
0.48 km (0.3 mile) to White Oak Avenue. Turn left and travel
approximately 0.14 km (450 ft) to the 4500-South parking lot.
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Q:\; 4.13 Analytical Procedures for the Determination of Total Metals
in Water Atomic Absorption Method

(performed by Analytical Chemistry Division Laboratory)

Source: Envirommental and Effluent Analysis Manual,
Union Carbide, Nuclear Division

1. Scope and Application

. Metals in solution may be readily determined by atomic absorption
spectroscopy. The method is simple, rapid, and applicable to a
Targe number of metals in drinking, surface, and saline waters, and

in domestic and industrial wastes. While drinking water may be
analyzed directly, domestic and industrial wastes require processing
to solubilize suspended material.

2. Summary of Method

In atomic absorption spectrophotometry, a 1ight beam is directed
through a flame into a monochromator and onto a detector. A sample
is atomized and aspirated into the flame where absorption takes

(f" place. Because the wavelength of the light beam is a characteristic
of the metal being determined, the 1ight energy absorbed by the
flame is a measure of the concentration of that metal in the sample.

3. Sample Handling and Preservation

For the determination of total metals, the §hmp1e is acidified
with 1:1 HNO3 to a pH of 2 at the time of collection. The sample
is not filtered before processing.

4, Interferences

4,1 The presence of many dissolved solids in the sample may result
in an interference from nonatomic absorbance such as Tight
scatter. If background correction is not available, a
nonabsorbing wavelength should be checked.

4.13.1
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4,2 Ionization in?grferences occur when the flame temperature is ‘)
sufficiently high to generate the removal of an electron
from a neutral atom, giving a positively charged ion. This
type of interference can be controlled by adding an excess of
an easily ionized element to standards and samples.

Apparatus

5.1 Atomic absorption spectrophotometer. Any commercial atomic
absorption instrument having an energy source, an atomizer
burner system, a monochromator, and a detector is suitable.

5.2 Burner. The burner recommended by the instrument manufacturer
should be used.

5.3 Glassware. Al11 glassware, including sample bottles, should
be washed with detergent and rinsed with tap water, 1:1 nitric
acid, tap water, 1:1 hydrochloric acid, tap water, and
deionized (distilled) water, in that order.

Reagents

6.1 Deionized water ﬁj)

6.2 Nitric acid (HNO3), concentrated. Use a "high purity” grade
acid if metal impurities are found in reagent grade acid.
Prepare a 1:1 dilution with deionized water.

6.3 Hydrochloric acid (HC1), 1:1. Prepare a 1:1 dilution of
reagent grade acid with deionized water. If metal impurities
are found to be present, use a "high purity" grade acid.

6.4 Ionization suppressant. Dissolve 129.28 g of potassium
nitrate (KNO3) in deionized water and dilute to 1 Titer.

This solution contains 50,000 ng/ml potassium. Samples and
standards to be analyzed for easily jonized metals should
contain 2000 ug/ml potassium to suppress ionization.

Preparation of Standards and Calibration

7.1 Stock solutions are prepared from high purity metals, oxides,
or nonhygroscopic reagent grade salts using nitric or
hydrochloric acids of suitable purity. The stock solutions
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are prepared at concentrations of 1000 ng of the metal per
Titer. Commercially available stock standard solutions may
also be used.

7.2 Standard solutions are prepared by diluting the stock metal
solutions. Prepare a blank and calibration standards in
graduated amounts in the appropriate range for each metal.
The calibration standards should be prepared using the same
type of acid and at the same concentration as in the samples
after processing. Beginning with the blank and working
toward the highest standard, aspirate the solutions and
record the readings. Repeat the operation with both the
standards and the samples a sufficient number of times to
secure a reliable average reading for each sample.

7.3 Where the sample matrix is so complex that viscosity, surface
tension, and components cannot be accurately matched with

"~ standards, the method of standard additions must be used.

Procedure

8.1 Transfer a representative aliquot of the well-mixed sample
to a covered beaker and add 3 ml of concd HNOj.

8.2 Place the beaker on a hot plate and evaporate to dryness
cautiously, making certain that the sample does not boil.

8.3 Cool the beaker and add another 3-ml1 portion of concd HNOj3.

8.4 Return the beaker to the hot plate and increase the
temperature so that a gentle reflux action occurs.

8.5 Continue heating, adding additional acid as necessary, until
the digestion is complete — generally indicated by a 1ight-
colored residue.

8.7 Wash down the beaker walls and watch glass with deionized
water, ‘

8.8 Adjust the volume to some predetermined value based on the
expected metal concentrations. The sample is now ready for
analysis. h
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Note:

The analysis of silver requires modification of the digestion
procedure to exclude HC1.

9., Calculation

9.1 mg/liter metal in sample = 4%

where:
A = mg/Titer of metal in processed sample,
B = final volume of processed sample, ml,
¢ = volume of sample aliquot processed, ml.

Concentrations so determined shall be reported as "total."

9.2 Table 4.13-1 shows the lowest concentration reported (LCR)
for each metal:

Table 4.13-1. Lowest concentration reported
for various metals

Concentration
Element (mg/1liter)
Ag 0.01
Al 0.05
Ba 0.2
Ca 0.1
Cd 0.002
Cr 0.01
Cu 0.004
Fe 0.06
K 0.1
Li 0.01
Mg 0.1
Mn 0.01
Mo 0.1
Na 0.1
Ni 0.01
Pb 0.01
in 0.02
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10. Precision and Accuracy

10.1 The precision and accuracy of this technique have not been
established.

Working Bibliography for Sect. 4.13

Methods for Chemical Analysis of Water and Wastes, U.S. Environmental
Protection Agency, p. 78, (1976).




4.14 Colorimetric Determinqtioﬁ of Phenols in Water
(performed by Analytical-Chemistry Division Laboratory)

Source: Envirommental and Effluent Analysis Manual,
Union Carbide, Nuclear Division

Introduction

Steam-distillable phenols react with 4-aminoantipyrine at a pH
of 10.0 + 0.2 in the presence of potassium ferricyanide to form a
colored antipyrine dye. This dye is extracted from aqueous solution
with chloroform and the absorbance is measured at 450 nm.

Reagents

2.1 4-Aminoantipyrine

2.2 Ammonium chloride (NH4CT)
2.3 Ammonium hydroxide

2.4 Chloroform )

2.5 Phenol

2.6 Potassium ferricyanide
2.7 Sodium sulfate

Equipment

3.1 Beakers, 600-m]

3.2 Distillation apparatus

3.3 Pipettes, 5-ml1, 10-m1, 15-m1, 20-ml, and 25-ml
‘3.4 Separatory funnels, 1000-m1, with Teflon stopcocks
3.5 Spectrophotometer, DK-2A, with 10-cm cells

Preparation of Standard Solutions

4.1 Ammonium chloride (NH,C1). Dissolve 50 g of NHLC1 in
distilled water and dilute to 1000 mil.

4.2 Aminoantipyrine solution. Dissolve 0.50 g of
4-aminoantipyrine in distilled water and dilute to 100 ml.
Prepare fresh for each day of use.
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4.3 Potassium ferricyanide [K;Fe(CN)3] solution. Dissolve
2.0 g of K3Fe(CN)3 in distilled water and dilute to 100 ml.
Prepare fresh for each week of use.

4.4 Stock phenol (CgHsOH) solution, 1000 mg/liter. Dissolve
1.00 g of reagent-grade phenol 1in freshly boiled and cooled
distilled water and dilute to 1000 mi.

4.5 Standard phenol (CgHsOH) solution, 0.5 mg/liter. Dilute
0.050 m1 of the stock phend] solution to 100 ml with freshly
boiled and cooled distilled water. Use immediately.

Determination of Calibration Curve

5.1 Prepare seven 600-m1 beakers and add standard phenol solution
as shown in Table 4.14-2 and dilute to 500-m] mark with
distilled water.

Table 4.14-2. Phenol calibration

Standard pheno1 Final Phenol
solution volume concentration
Standard No. (m1) (m1) (mg/1iter)
1 0 500 0
2 0 500 0
3 5 500 0.005
4 10 500 0.010
5 15 500 0.015
6 20 500 0.020
7 25 500 0.025

5.2 Treat standards as samples beginning with step 6.3.
5.3 Plot absorbance versus concentration of phenol in milligrams
per liter. :

Procedures

6.1 Measure 500 m1 of the preserved sample into a 1-1iter
distilling flask and connect the condenser to the flask.
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6.2

6.3

6.4

6.5

6.6

6.7

Distill 450 ml of sample; stop the distillation and, when
boiling ceases, add 50 ml of distilled water to the flask.
Resume the distillation until a total of 500 ml has been e
collected in a 600-m1 beaker.

Add 10 m1 of NH,C1 solution and adjust the pH to 10.0 = 0.2
with concd NH,OH. -

Transfer to a 1-1iter separatory funnel; add 5.0 ml of
aminoantipyrine solution; mix well and add 5.0 ml of
potassium ferricyanide solution; mix well again and allow
the color to develop for 3 min.

Pipette 40 ml1 of chloroform into each funnel and shake

10 times, allow the chloroform to settle, shake again

10 times, and allow phases to separate.

Drain the chloroform layer into a beaker that contains
~0.25 g of sodium sulfate. Combine both blank extracts.
Measure the absorbance at 450 nm against the reagent biank.

Calculations

mg phenols/1iter = (Abs x Factor)

Concentration of phenols in milligrams per liter is read from

the previously prepared standard calibration curve. The lowest
concentration of phenols that should be reported is 0.001 mg/liter.




5.

4.15 Ana]ytiba] Procedures for Settleable Solids,
Volumetric Method

(performed by Environmental Analysis Laboratory)

Source: Envivommental and Effluent Analysis Manual,
Union Carbide, Nuclear Division

Scope and Application

This method is applicable to surface and saline waters, domestic
and industrial wastes. '

Summary of Method

2.1 Settleable matter is measured volumetrically with an Imhoff cone.
2.2 Based on a settling time of 1 h, the lowest concentration
reported is 0.1 ml/Titer.

Apparatus and Reagents

3.1 The only apparatus required is an Imhoff cone.
3.2 No reagents are required.

Procedure

4.1 By volume

4.1.1 Fi11 an Imhoff cone to the 1-1iter mark with a thoroughly
mixed sample.

4.1.2 Let sample settle for 45 min.

4.1.3 Gently stir the sides of the cone with a rod or by
spinning. _

4.1.4 Let sample settle for an additional 15 min.

4.1.5 Record volume of settleable matter in the cone as milli-
liters per Titer. Disregard any floating materials that
hay be present; they are not to be counted in the volume
of settieable matter.

Calcu]ation

5.1 The milliliters per liter of settleable matter is the recorded..
volume of settleable matter in the cone. °
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6. Precision and Accuracy

No data are available at this time.

Working Bibliography for Sect. 4.15

Standard Methods for the Examination of Water and Wastewater, 14th
ed., p. 916, Method No. 208F (1975).
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4.16 Analytical Procedures for Total Solids, Gravimetric Method

(performed by Environmental Analysis Laboratory)

Source: Envirommental and Effluent Analysis Manual,
. Union Carbide, Nuclear Division

Scope and Application

1.1" This method is applicable to drinking, surface, and saline waters
and to domestic and industrial wastes.
1.2 The range of the method is dependent upon sample size.

Summary of Method

2.1 Total solids are the sum of homogeneous suspended and dissolved
materials in a sample. A well-mixed aliquot of the test sample
is quantitatively transferred to a preweighed evaporating dish
and evaporated to dryness at 103 to 105°C. The weight of the
dried residue is a measure of the total solids in the sample.

2.2 When a 100-m1 sample is analyzed, the lowest concentration
reported is 5 mg/